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SUMMARY. 
PART I . Cross-linking reactions of two co-telomer 
alcohol mixtures have been investigated. The co-telomer 
alcohols contained ( l ) hexafluoropropylene, vinylidene 
f l u o r i d e , and methanol; ( 2 ) octafluorocyclohexa-1,4-
diene, vinylidene f l u o r i d e , and methanol. Both mixtures 
eliminated hydrogen f l uo r ide on standing. 
Co-telomer ( l ) has been successfully cross-linked 
and stabi l ised by a primary amine, several primary diamines, 
and a t e r t i a r y amine wi th a d i t h i o l , as indicated by the 
in f ra - red spectra, molecular weights, and f luo r ine content, 
of the products. 
Products from reactions of co-telomer ( 2 ) with d i -
amines had increased viscosi ty but s t i l l eliminated hydrogen 
f l u o r i d e . 
Mechanisms have been put forward f o r the cross-linking 
reactions. 
PART I I . The e lec t r i c dipole moments of some members of 
the series CgF^ and 2 , 3 , 5 , ( w h e r e X i s any sub-
s t i tuent) have been measured i n order to investigate the 
ground state electron d i s t r i b u t i o n of these compounds. 
The dipole moments of the corresponding members of the 
series ^-E.CgH^.X have "been measured and calculated, i n 
order to provide comparative values f o r the series Cg3?j-X, 
and values fo r the series CgH^Z have been obtained from 
the l i t e r a t u r e i n order to provide comparative values fo r 
the series 2,3, S^-H.CgiB^.X. 
The results show that the high electronegativity of 
f l u o r i n e causes the pentafluorophenyl nucleus to act as an 
electron sink, f a c i l i t a t i n g movement o f electrons from 
electron donating groups into the r ing and reducing electron 
withdrawal by electron a t t ract ing groups. The resonance 
of n i t r o and N-dimethyl groups is shown to be reduced by 
s ter ic hindrance, due to the presence of the two f luo r ine 
atoms ortho to the groups. 
I n an attempt to prepare a p a r t i a l l y f luor ina ted 
indole derivative, the reactions between the sodium salts 
of polyfluoroanil ines and chloracetic ester have been i n -
vestigated. N-(pentafluorophenyl)-glycine, N-(2 ,3 ,5»6-
tetrafluorophenyl)-glycine, and N-(2,3,4,5-tetrafluorophenyl) 
glycine have been prepared. An attempted cycl isa t ion of 
N-(2,3,4,5-tetrafluorophenyl)-glycine with polyphosphoric 
acid did not give the desired 4 ,5 ,6 ,7- te t raf luoroindoxyl . 
PART I . 
CHAPTER I ; INTRODUCTION 
1 . 
1,1. F luoro-o lef in reactions, telomerisation. 
Nucleophilie addit ion is characteristic of the 
reactions of f l u o r o - o l e f i n s , i n contrast t o hydrocarbon 
o le f in s , because of the electron withdrawal by the strongly 
electronegative f l u o r i n e atoms."1" Free radical attack on 
the double bond of a f l u o r o - o l e f i n proceeds smoothly, and 
the d i rec t ion of addit ion ( f o r an unsymmetrical o l e f in ) 
and the r eac t i v i t y can be correlated wi th the s te r ic and 
p 
polar factors involved. 
I n 1947, M i l l e r and his co-workers J \iexe using a 
f ree radica l polymerisation process i n order to make f luoro* 
carbon o i l s wi th the reactive monomer o l e f in 4 0P 2 ° CJC1. 
An o i l wi th a puzzlingly high chlorine content was obtained. 
She solvent i n the reaction was chloroform and they deduced 
that the extra chlorine was coming from the solvent, i . e . 
the solvent was acting as a terminator i n a chain t ransfer 
process and telomerisation was occurring. They postulated 
the fo l lowing mechanism: 
peroxide 
( i ) CHCl, > CTJi: + Hfc 
* R* * 
( i i ) CC1* + CI-giCKJl > CC13.C2 ,2.CI1C1' i n i t i a t i o r 
( i i i ) CCl3.CE2.CS ,Cle+ CB^CPCl » 
GClo. CXj.CFCl.CFo.CffCl* pr opagat ion 
20 0CTM.6 j 
J-IBRARS--" 
2 
( i v ) CCl3(C3 , 2CS ,Cl)n + CH!GL3 » GCl^CIg.CTCl^H + CC1* 
etc. 
chain transfer 
The growing polymer chain reacts with a solvent molecule "by 
t ransfer , wi th the formation of a f ree radica l from the sol-
vent. The chain t ransfer step ( i v ) competes with the pro-
pagation step ( i i i ) , and, "by careful selection of the pro-
portions of reagents, can become the dominant step. Telo-
merisation occurs only i n a polymerising system, and a non-
homopolymerisable o l e f i n w i l l not undergo telomerisation. 
Telomerisation reactions are usually assumed t o 
proceed by a radical-chain mechanism as represented above, 
although, a mechanism which involves a stepwise series of 
additions of iodide to o l e f i n , has been suggested by 
Hauptschein * f o r the telomerisation (thermal) of (HP^ CV-CBg 
wi th n-C^E^I. There are several methods of i n i t i a t i o n f o r 
telomerisation reactions. Organic f ree radical i n i t i a t o r s 
oUuH do u l o \ uxx lxuurujueu i j jx / ^ I B J I G A X U O cillu. vix— u — uiiuyj. 
6 7 8 peroxide, ' i r r ad i a t i on i n the form of u l t r a - v i o l e t rays, 
X-rays and -rays, 1^'"'" 1 and thermal i n i t i a t i o n , ^ ' 1 2 have 
a l l been used. 
1.2. ffluoro-olefins/methanol cotelomerisations of Musgrave 
and Plimmer. 
The f i r s t part of t h i s thesis i s an extension of 
3 
the work of Musgrave and Plimmer, who extended the idea 
of telomerisation into systems, not simply of an o l e f i n 
and chain-transfer agent (C .T .A . ) i hut of a pair o f f l u o r o -
o le f ins and a C.T.A. The reactions were i n i t i a t e d wi th 
/ fin 
6 radia t ion from a cobalt source. C . T . A . ' s such as 
C H 3 CHO, ( C H 3 ) 2 C O , C ^ I , GByJOOH, CH 3 OH, and C H 3 S H were 
used, and various pairs of f l u o r o - o l e f i n s , having f i r s t 
ascertained that copolymers were formed by the o lef ins 
under the conditions used. 
With CHjOH as the C . T . A . f o r the Viton (CH^CEg/ 
CE3C3T:C]?2) copolymer system, chain shortening occurred 
with t o t a l conversion, of o le f ins to form a mixture of 
viscous l i q u i d products. I t was deduced from the i n f r a -
red spectrum of t h i s mixture, by a wide band at 3436 cm""1", 
that hydroxyl groups were present. These cotelomer alco-
hols could be d i s t i l l e d into crude f rac t ions , up to 160° C , 
at reduced pressure. The viscous residue formed at 160°C 
was assumed to be the resul t of HP e l imination, followed by 
a cer tain amount of polymer formation. A l l the crude 
f rac t ions d i s t i l l e d at reduced pressure had peaks i n the 
region 5 - 6»5yU i n t he i r in f ra - red spectra, indicat ing 
unsaturated centres, plus the band at 3436 cm"'1' showing 
the presence of an -OH group. Molecular weight deter-
minations varied from 300 t o 800 corresponding to a chain 
4. 
length of up to 4 uni ts (1 uni t - - CI^.CI 1 (CE^GHgCPg - ) . 
The byproduct wasalways the 1:1 adduct CH2(0H)CP2CIH(CI , 3). 
The mechanism of t h i s telomerisation, based on experimental 
evidence, was postulated as: 
a) CB^ OH » •CH20H + H' 
b) #CH20H + CH2:Cp;2 > CH^OltfCH,,^ B) I n i t i a . 
c) CH20H + C^g > CH^OHKC^g)' A ) T I O N 
CH-OH 
d) CH2(OH)(C3Pg)' — C H ^ O H X c y ^ H Transfer A 
I n i t i a t i o n A is not l i k e l y to lead to cotelomer formation 
/ \ 14 since step (d j is very e f f i c i e n t . The intermediate 
f ree radical from i n i t i a t i o n B can attack either o l e f i n 
present to give: 
CHgCPg either o l e f i n 
CH2(0H)CH2CE* > CH^OHjCHgCS^CHgCT'Cl) > 
C-S1,. . CH9CP0 
. * °> CHo(0H)CHoCPoC]?oCP(Ctf-) (2)or d dy 
d d 2 d * CB^ OH 
The former (1) can attack either o l e f i n present to continue 
the copolymer chain. The l a t t e r (2) can only attack 
CH^CHPg, or undergo chain transfer by abstracting a hydrogen 
atom as in(d) forming the n • 1 ootelomer. The f i n a l 
longest chain copolymer which w i l l form w i l l be (D) where 
l , m , and p, are either one or two: 
CH 2OH(CH 2Ci , 2) 1(C 3I l 6) ( C H g C I ^ C C ^ g ) (OT2CP2)pCT2OT(ClP3) (D) 
i 
5. 
1*5 
Radical attack on CHgiClPg is exclusively on the :CH 2, ' and 
on C^Eg, exclusively on the - CEg. 1 6 This copolymer (23) 
now undergoes chain transfer to form a cotelomer "by hydrogen 
abstraction as i n (d ) . Wo homopolymer of vinylidene f l u o -
r ide was detected i n the product. The s l ight unsaturation 
i n the crude fract ions was taken as corresponding to HE e l i -
mination from structures such as (B) g iv ing (E) as an extreme 
example. 
CH2(OH) .CH 2Ci , 2 iCr 2.Cl.CH 2Ci , 2.CE , 2CEH (E) 
1640cm"1 1640cm"1 . 1754cm"1 
CH2(0H)CH = CH.CIg C = CH.CIg.CP CI 
CE^  CE^  
The peaks which arise i n the unsaturation region were ex-
13 
plained as fo l lows: ^ 
cm"1 unsaturation 
1640 - CE « CH2 l inear 
- CH o cm " 
1754 - CP - CE - M 
- CE - C E 2 
1.3. Eluoro-polymers. 
The presence of f l u o r i n e i n a polymer molecule 
gives i t marked chemical and thermal s t a b i l i t y . This i s 
6. 
due to the high C - i 1 bond dissociation energy, the shie ld-
ing e f fec t of the f l uo r ine atoms, and the high electronega-
t i v i t y of f l u o r i n e . Fluorine i s a s l i g h t l y larger atom 
than hydrogen (van der Waals radius, 1*35A; c f • hydrogen, 
1»2A), and, i n a large fluorocarbon molecule, these atoms 
form a compact shield around the carbon chain, protecting 
i t from chemical attack. Fluoropolymers have been the sub-
17 18 1Q 
ject of several reviews. 
The best known organic fluoropolymer i s polyte t ra-
fluoroethylene (P.T.F.E.) a homopolymer of t e t r a f luo roe thy l -
ene. I t shows remarkable resistance to chemical attack, 
and because of i t s high softening point (327° C) and high 
thermal s t a b i l i t y may be used over a wider range o f tempera-
ture than any other simple addition polymer. X-ray d i f -
20 
f r a c t i o n measurements show that the zig-zag chains i n 
P.T.3P.E. are not planar as i n normal pa ra f f ins , but are 
twisted to re l ieve repulsions between f luor ine atoms on 
alternate carbon atoms. P.T.F.E. i s classed as a thermo-
p las t i c , but, mainly because of the high viscosi ty of i t s 
melts, cannot be moulded. 
The resinous nature of P.T.F.E. can be reduced i n 
two ways. Heterogeneity can be Introduced by replacing 
some of the f l u o r i n e atoms by bulky atoms or groups as i n 
polychThorotrifluoroethylene, the structure of which has been 
7. 
shown to be 2 1 (• 0Fo - CP - CPp - CP i . This polymer 
^ ^ has i t s c rys ta l -
l i n i t y broken by the pendant chlorine atom. I t s softening 
point (216° C) i s lower than P.T.P.E. and i t can be moulded, 
i . e . i t i s a t rue thermoplastic. 
The t i g h t l y coiled polymer backbone of P.T.P.E. can 
be converted to a more mobile structure by the inclusion of 
methylene (CH2) uni ts i n the chain as i n polyvinylidene 
f l uo r ide which consists of alternate - CH2 - and - CP2 -
uni ts i . e . t CH2 - CPg > n 1 5 . The r i g i d i t y of the backbone 
is broken by the alternating - CH"2 - u n i t s , and i t has a 
lower softening point (about 171° C) which l i m i t s i t s ther-
mal s t a b i l i t y . The presence of the - CH2 uni ts also pro-
vides sites f o r crosslinking i . e . the use of amines i n the 
curing of f luoro rubbers containing C H 2 : C P 2 . 2 2 , 2 3 , 2 4 , 2 5 
The order of thermal s t a b i l i t y f o r hydrogen-containing 
26 
fluoropolymers i s : 
( C 2 V n > ( C S : 2 : C H 2 ) n > ( c V C H E l ) n > ( C 2 H 4 ) n > ( e H 2 s C B d ? ) n 
Copolymer i s at ion of one of these ' react ive ' (homo-
polymerisable) monomers wi th an 'unreactive' (non-homo-
polymer i sable) monomer leads to the formation of copolymers 
with 'tailormade' properties i . e . the properties can be 
varied by a l te r ing the r a t i o of the two monomers. The 
copolymer of reactive CPg = CP2 and non-reactive CP^ CP » CP2 
8. 
i s a t rue thermoplastic with a working range up to 200° C 
and a softening point of 285° C Ihe backbone remains 
r i g i d , but the thermally stable, bulky, pendant -CI^ group 
breaks up the c r y s t a l l i n i t y (50$, c f . P.T.F.E. ,95$) of the 
chain, 
The most thermally stable elastomer so f a r pro-
duced is a copolymer of CHg - CS»2 and Ci^CE => CTg, Viton 
A 2 8 (Trade name: E . I . Du Pont de Nemours & Co., U.S .A.) . 
The - CE*2 - uni ts break down the r i g i d i t y of the backbone 
and act as a s i t e f o r cross- l inking. The - CI^ group 
reduces the c r y s t a l l i n i t y . I t keeps i t s elastic properties 
down t o about - 25° C and can be used i n d e f i n i t e l y at 204°C 
and up to 315° 0 f o r 48 hours. 
1.4. The cross-linking of Viton A. 
a) Indus t r ia l Cures. 
Viton A i s a copolymer of vinylidene f l u o r i d e and 
hexafluoropropylene. I t s structure ( I ) consists of a l ter-
nating - CH2 - and - C l 2 - groups interspersed wi th very 
CP 
short branched fluorocarbon ( 3 
cha ins . 2 9 The copolymer -[(CEgOTg^CPgCTj- x ( I ) 
i s of l i t t l e use u n t i l i t has been converted to a cross-
l inked vulcanisate. The chemical s t a b i l i t y conferred by 
i t s structure ( I ) makes the formation of cross-links 
9. 
d i f f i c u l t . Several methods have been used to cross- l ink 
Viton A although only one, using derivatives of al iphat ic 
amines, has been found to he commercially feasible . 
23 
The actual procedure used J i s t o compound Viton 
A on normal rubber processing equipment, with f i l l e r metal 
oxide acceptor, and curing agent. The stock i s then 
moulded i n a press f o r 5-60 mins. at 100-150° C. The 
p a r t i a l l y vulcanised stock i s then overt-cured i n an a i r 
c i rcu la t ing oven at 200° C fo r up t o 24 hours. I t is 
important that su f f i c i en t cross-links are formed during 
the press cure to prevent sponging by release of decompo-
s i t i o n products during the oven cure, without causing 
scorching during the compounding. 
Cross-links may be introduced by 3 general methods: 
by the action of a l iphat ic amines, high energy rad ia t ion , 
or peroxides. Primary, secondary, and t e r t i a r y mono-
amines can be used, but press cures of up to 200° C are 
23 
necessary. This i s sometimes called a thermal cure. 
Tert iary mono-amines are e f fec t ive co-curing agents with 
diamines 2 3 and d i t h i o l s . 3 0 , 3 1 Presumably the t e r t i a r y 
amine eliminates HF and the d i t h i o l forms cross-links across 
the double bonds so formed. Diamines such as MH 2( C H2^6 1 J H2 
and HHp(CHp)pHHp are very scorchy but do form e f fec t ive 
10 
23 vulcanisates. J When the i r amine functions are "blocked 
i n order to reduce t h i s tendency to scorch they are by f a r 
the most widely used curing agents. Inner carbamates and 
bis-cinnamylidene derivatives are those most commonly 
u s e d . 2 3 ' 2 4 ' 2 5 ' 3 0 ' 3 2 
She use of high energy radia t ion has a l l the ob-
vious disadvantages inherent therein without producing an 
improved vulcanisate. She radiat ion causes unsaturation 
similar t o that caused by the action of amines and the un-
saturated polymer is considered to crosslink at high tempe-
23 
rature by mutual interact ion of the unsaturated centres. 
24 32 
Benzoyl peroxide ' i s a very scorchy curing 
agent, yet leads to only a moderate state of cure. I t i s 
also somewhat impractical due to poor processing safety. 
Acid acceptors such as magnesium oxide, zinc oxide, 
or basic lead phosphite, are essential ingredients i n the 
23 33 
curing process of Viton A. -'»-'- / i t has been shown by 
33 
Smith that the oven cure of Viton A is dependent upon 
the elimination of water from the polymer and he concludes 
that the water i s derived from the neutral isat ion of EF, 
which i s eliminated during the cure, by the magnesium 
oxide: 
+ 7SS —> filgEg + HgO (A) 
1 1 . 
By assuming the stoleniometry of equation (A) and measuring 
the quantity of water evolved, he was able to show that 4 
moles of HP were eliminated per mole of curing agent. On 
the basis of t h i s information he proposed the following 
mechanism: 
( I I I I I 
CH2 CH2 CH CH CH2 CH2 
I I - 2HP II II HH 5(CH 5) 5BH 9 I I -2HP 
01*2 CE2 » CP CP — =-=-4 CP-HH(CH2)2MH-CP > 
I + I I + I I I 
0H o CH0 0H o CH9 CH5 CH5 
I I I I I I 
CH0 CH- CH9 
I I H 2 ° I 
C=H(CH2)2K-C ^ = 2C-0 + MH2(CH2)2UH2 
I I I 
CH« CH0 CH0 
i (B) 1 1 * 
I n a 3-stage process, 2 moles of HP are eliminated to form 
double bonds, then the diamine forms crosslinks across the 
double bonds, and f i n a l l y 2 moles of HP are eliminated to 
give a di-imine structure (B) . I t should be possible to 
hydrolyse (B) i f i t i s present, and, i n f a c t , 20$ of the 
o r ig ina l amine was obtained on hydrolysis. 
b) Solution Studies. 
Several solut ion studies of the reactions of f l u o r o -
elastomers wi th amines have been undertaken. An early study 
22 
h# Bro of the embrittlement and colour changes caused by 
12. 
adding s t r ips of polymer to r e f lux ing amines, led him to 
postulate the fol lowing reaction reaction sequence: 
H P HP 
I 1 l i 
:_:*M3!2-C-C-CH2'yVM + RMHg > vv\*vCP2-C=>C-CH2'!Vw + RMHgHP ( l ) 
H IP 
HE1 H P 
I I I ' 
:^wC3?2-CoC-CH2'Vw + RHH2 — } /s*vyCP2-C-C-CH2ww (2) 
H HH-R 
He suggested that the product from (2) may react wi th excess 
amine to give conjugated imine structures o f the type: 
H P 
t C - 6 = 6 L or ( - 0 - 6 = 0 i 
it ' n . i t i n 
R R R 
or the product from (2) may add to a double bond on another 
chain and crosslink giving considerable s t i f f e n i n g of the 
f i l m s . 
Pakiorek ^ examined the reactions of Viton A and 
Kel P elastomer (trade name: Minnesota Mining and Manufactu-
r ing Co., U.S.A. f o r C]P2:C]?C1/C]P2:CH2) by dissolving them 
i n digjLyne and. adding amines under varying conditions. 
Addition of amines to Kel P caused discolouration and pre-
c i p i t a t i o n of amine hydrochloride. Pluoride ion was only 
obtained when excess amine was present, which indicates the 
r e l a t ive ease of dehydrohalogenation of HC1 and HP. Primary 
13 
amines were the most reactive and t e r t i a r y amines the 
least reactive, as cross-l inking took place at room tempera-
ture with primary amines and at 180-90° wi th t e r t i a r y amines. 
23 
This conclusion i s confirmed J "by the results of a study 
of the rate of elimination of HE, i n the treatment of Viton 
A i n tetrahydrofuran, with amines, fo r periods of several 
weeks, at room temperature. 
23 
When Viton A was treated with t e r t i a r y amines 
i t was possible t o demonstrate that chain scission occurred 
during the reaction by p l o t t i n g the time of reaction against 
the v iscos i ty of the solut ion and noting the gradual f a l l 
i n v i scos i ty . I t was suggested that similar degradation 
occurred i n reactions with primary and secondary amines, 
but t h i s could not be demonstrated because of the formation 
of gels during i so la t ion of the polymer samples. 
An attempt to establish the presence of unsatura-
23 
t i o n i n amine-treated Viton A by ozonolysis J caused no 
reduction i n molecular weight. EftaO^ and B r 2 could not be 
used as double bond reagents because Viton A was attacked 
by them i n solut ion. However, in f ra - red spectra of 
pressed f i lms of Viton A a f t e r treatment with t r ime thy l -
amine showed 2 new absorbtion peaks at 5*8 and 5*95 microns 
23 
which were assigned to double bonds. The in f ra - red 
14 
spectra of v i t o n A af te r treatment with primary and second-
ary amines showed similar but more pronounced changes, 
c) Model Compound Studies. 
The reactions of model compounds containing s t ruct-
ures resembling those of fLuDroelastomers, with various 
amines, have been studied i n order to elucidate the mecha-
nism of curing i n the fluoroelastomers. Two model com-
pounds, c; l ,5,5-trihydro-4-iodoperfluorooctane [ l ] and 4,4-
dihydro-3-iodoperfluoroheptane [2 ] , were synthesised by 
Eakiorek, 3 ^ and the i r reactions with amines investigated. 
Their structures are similar to that of Kel E polymer 
except that chlorine i s replaced by iodine. At room 
temperature high yields of amine hydroiodide were obtained 
wi th butylamine, dibutylamine, and trethylamine, and rates 
of reaction were the same as f o r Kel E and amines, i . e . 
primary y secondary!^ t e r t i a r y amines. The o l e f i n 
formed by reaction of [2 ] with C^HgHH,, was [ 3 ] , the pre-
sence of - CP = CH - being indicated by in f ra - red absorption 
bands at 5«80^l and 3«22yU similar to those exhibited by 
amine treated polymers. When [3] was treated with an 
equimolar quantity of C^HgMHg, the amine added across the 
double bond. A fur ther equimolar quantity of amine 
caused the prec ip i ta t ion of C.HQHEU.HI1 and a mixture of 
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tautomers [4] and [5] was obtained. Inf ra - red absorptions 
at 5«93yU , ascribed to C • C, and at 5-86/U , ascribed 
to the imino group, indicated the presence of the tautomers. 
Treatment of a mixture of [4] and [5 ] wi th more C^ HgMHg 
gave [ 6 ] . The reaction mechanism is shown i n f i g . I 8 l » 
C4H9HH2 C 4 H 9 H H 2 
C ^ . O T I . C H g C ^ > C ^ . C E - C H . C ^ * 
[2 ] [3] 
C4H9HH2 
C 2 i 1 5 .Ci , .CH 2 .C 3 I 1 7 > C 2 I I 5 .C .CH 2 .C 3 I 4 7 + C^ffg.C-C.C^Ey 
I II 1 
HNC4Hg NC4H9 HWC4H9 
[7 ] [4 ] [5] 
C 4H 9KH 2 BEBfy 
C 2 i , 5 .C=CH.C 3 i , 7 . > C 2F 5.C-CH.Cl ,.C 2ff 5 [ 8 ] 
HMC4Hg HNC4H9 
[5 ] C4H9HH2 
P i g . I . I . KC4H9 
CgE^oC.CH.C.C^. [6 ] 
HWC4H9 
The non i so la t ion of the interm&di&fres [7] and [8] i s not 
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unexpected as i t has been shown * i n a study of the re-
action of C4H9WH2 wi th CFC1 = CTg that a structure con-
16 
i 
ta in ing the element - NH - CP - readi ly eliminates HP. 
A similar reaction sequence was obtained using d i b u t y l -
amine ^ but with a slower rate of addition of the amine 
to the o l e f i n formed by dehydroiodination, 
Purther work by Pakiorek ^ has shown that KOH 
and amines w i l l eliminate a t e r t i a r y f luor ine atom as HP 
from the unsaturated model compound GPg.CHg.CPCCgP^CHB 
CP.CgPj: 
C2*V CpP-
l * 3 -HP \ D 
CPg.CHg.CP.CH-CP.CgPj > CPg.CH-C.CH-CP.CgPg 
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Work i n these laboratories on the r eac t iv i ty of the 
saturated model compounds [ l ] , [ 2 ] , and [ 3 ] , of which [ l ] 
contains t e r t i a r y f l u o r i n e has 
[(CP 3 ) 2 CP.CH 2 .CP 2 ] 2 , [n .C 3 P 7 .CH 2 CP 2 ] 2 , [C 2 P 5 .CH 2 .CP 2 ] 2 
[1 ] [2 ] [3 ] 
shown that whereas primary and secondary amines eliminate 
HP from [ l j and [3 ] at room temperature, extensive decompo-
s i t i o n occurs, i n reactions with KOH. Reaction of [ l ] 
wi th 1 mole of (C^B^H at 130° 3 8 causes dehydrofluorina-
t i o n t o give a diene, 
(CP3)2GP-CH - CP.CP2.CH - C(CP 3 ) 2 , 
i n which one double bond only i s formed by the release of 
17. 
t e r t i a r y f l u o r i n e . Some unident i f ied polymeric material 
was also formed which was highly f luor inated and contained 
nitrogen, and i t was suggested that the formation of t h i s 
compound corresponds to the formation of cross-links i n 
Viton A. 
The treatment of a simpler model compound 
(CE3)2CI ,CH2CSI3 wi th 2 moles of tr i .n-hutylamine at 130° 
f o r 24 hours gave as the main product (CI^) gCHCHgCE^  
i . e . instead of the usual elimination of Hi 1 , f l u o r i n e has 
been replaced by hydrogen. This type of replacement had 
not previously been demonstrated and may be a factor i n 
the cross-linking of fluoroelastomers. 
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Discussion. 
I I . l . Introduction. 
13 
Previous work i n these laboratories J led t o the 
preparation of various co-telomer alcohol mixtures from 
pairs of olef ins and methanol as a chain transfer agent 
(C . I .A . ) or telogen. The reactions led t o the forma-
t i o n of a complex mixture of co-telomer products of 
various chain lengths, and i t was found to be impossible 
to separate such a mixture into i t s components f o r character 
i sa t ion . Two co-telomer alcohol mixtures have been used 
i n t h i s thesis , those containing GEyjP : CP2, CH2:C]?2 and 
MeOH (Viton-MeOH), and 1,4-C^3?8, CHgCPg, and MeOH. Both 
mixtures eliminate HP on standing. Part I of t h i s thesis 
concerns the attempt to s tabi l i se these co-telomer alcohols, 
and increase their molecular weight by crosslinking, f o r 
possible use as p las t ic i sers , lubr icants , or heat exchangers 
Various methods have been used i n industry t o 
crosslink. Viton A copolymers (see p . 8. ) . The most 
successful of these0 methods have been those involving the 
use of primary diamines, diamine derivat ives, and t e r t i a r y 
amines wi th d i t h i o l s . These reagents have now been used 
to crosslink the co-telomer alcohol mixtures. Most of 
the work concerns the Viton-MeOH co-telomers. 
20. 
The products from these reactions have been i n -
vestigated by average molecular weight determination 
(ebul l ioscopica l ly) , measurement of in f ra - red spectra, 
and analysis of f l uo r ine content. 
21 
I I . 2 . Reagents and Solvents. 
The preliminary reactions were carried out wi th 
excess njautylamine and triethylamine using the Vi ton-
MeOH co-telomer alcohols i n ether solutions. Ethylene 
diamine and hexamethylene diamine, whose -Setoffis-"baSesr-. (e .g . 
E.CHsNCCHgJglaCH.R) have both had commercial acceptance 
as curing (crosslinking) agents, D are only s l i g h t l y 
soluble i n ether, and an attempted crosslinking by the 
addition of a suspension of ethylene diamine i n ether 
to the co-telomers, gave a very low y i e l d because o f the 
d i f f i c u l t y i n extracting the product from the aqueous layer, 
a f t e r the ethereal solution was ac id i f i ed with d i l u t e HC1 
j>rodnet f row t*i& 
and thai neutralised. IheAaqueous layer from a similar 
crosslinking reaction with hexamethylene diamine could 
not be extracted with ether, benzene, or carbon t e t r a -
chloride. The diamines were found to be soluble i n 
monoglyme (l,2-dimethoxy ethane), and la ter reactions 
were carried out i n th i s solvent. Monoglyme i s miscible 
with d i l u t e HC1 which prevented the removal of excess amine 
by washing with aqueous acid. However, smaller molar 
ra t ios of co-telomers:diamine were now used (mainly 2:1) , 
anhydrous potassium carbonate was added as an acid-acceptor 
to take up the HE eliminated ( c f . MgO etc. as indus t r i a l 
ac id-acceptors 2 3 * 3 3 ) , and acid-washing of the reaction 
mixture was f e l t to be unimportant. 
Time/temp. m.wt. #F # E 
of Re- Reac-Pro- Reac-Pro- (Reac 
action tant duct tant duct -tan-} 
(Pro-
duct) 
a) 1 Et 3N 50°C/2 hr 409 488 62*8 60*6 2«2 
h) 1 n.C 4H gNH 2 20°C/18 hr 583 1100 64-0 56.8 7-2 
. c ) l 1 MH2(CH2)21JH2 20°C/18 hr 355 397 64-4 54.5 9.9 
.c)2 1 " 20°C/18 hr 355 480 64-4 54.9 9.5 
c)3 1 " 150°C/3 hr 355 764 64-4 57-5 6.9 
c)4 1 100°C/3 hr 355 520 64-4 57-1 7-3 
o)5 1 " 170°C/3 hr 399 785 57-9 51«5 6«4 
d ) l 1 HH2(CH2)6MH2100°C/3 hr 330 - 59-9 47-5 12-4 
d)2 1 " 59°C/18 hr 330 1130 59.9 50.8 9-1 
e) 1 NH2(CH2)3WH2100°C/3 hr 330 556 59'9 46-6 13«3 
f ) 1 Et 3H/SH(CH 2) 350°C/l8 hr 330 
SH 
835 59«9 53-4 6*5 
e) 2 NH 2(CH 2) 6BH 2 50°C/18 hr - 55 «9 43*6 12-3 
h) 2 HH2(CH2)2MH2 20°C/18 hr . - 0 55.9 38-9 17.0 
Co-telomer Alcohols:- 1 : C^g/CHgCP^MeOH 
2 : l,4-C 6l 8/CH 2CE 2/MeOH 
Reac- Co- Gross-link-
t i o n t e lo - l i n g Agent 
mer.i-
Alco-
hols 
Table I I . 1 . Summary of Cross-linking Reactions 
23. 
I I . 3 . Cross-linking Reactions. 
Cross-linking of Viton-MeOH Co-telomer Alcohols with^Prijiary 
Mono-amines and Diaminesf 
When the Viton-MeOH co-telomers were treated wi th ex-
cess n-butylamine i n ether, and the excess amine was removed 
with aqueous acid, a s tabi l ised (non Hff-smelling) brown o i l 
of much increased v iscos i ty was obtained. The increase i n 
molecular weight (583 —> 1,110; 90$), showed that cross-
l ink ing had taken place and a product of the desired type 
had been obtained. The inf ra - red spectrum of the s ta r t ing 
material had peaks at 3436 cm" 1 [(broad), 0-H s t re tch] , 
2985 cm"1 [ (S ) , C-H s t re tch] , and showed s l ight unsatura-
t i o n at 1757 cm" 1 (w) and 1639 cm"1 (w). The alcohol 
port ion was shown to be s t i l l present i n the in f ra - red 
spectrum of the product, stronger absorption at 2985 cm - 1 
indicated the presence of n-C^Hg-, and absorption at 1757 
cm"1 (s) and 1639 cm" 1 (broad) indicated a large amount of 
unsaturation. The product was tested by sodium fus ion 
and ferrous sulphate fo r nitrogen and gave a posi t ive re-
su l t , showing that the amine i s present i n the crosslinked 
structure. Amine hydrofluoride was precipitated i n the 
reaction, showing that HP is eliminated, and leading to 
unsaturation. The reduction i n f l uo r ine content (see 
Table I I . j . ) obtained can be explained as resul t ing from 
24. 
both the e l i m i n a t i o n o f HP and by the i n c l u s i o n of amine 
i n the c ross - l inks formed. 
The Viton-MeOH co-telomers were then t rea ted w i t h 
ethylene diamine i n monoglyme under var ious reac t ion condi -
t i o n s . A molar r a t i o of 2 :1 f o r co-telomers:diamine was 
used i n each r e a c t i o n except the f i r s t ( 4 : 1 ) . I t was 
considered t h a t t h i s molar r a t i o (2 :1) would be best i f 
one molecule G>f diamine c ross - l inked two co-telomer^chains 
by i n t e r a c t i o n o f each of the amino groups o f the diamine 
w i t h a separate co-telomer chain . Anhydrous potassium 
carbonate was added asan ac id acceptor, jus t as MgO etc. 
are added i n the cur ing _of V i t o n A . 2 3 » 3 3 
The products obtained at room temperature were 
p leasant-smel l ing, red o i l s o f increased v i s c o s i t y . From 
react ions i n Garius tubes at 100-170° C, brown-black,semi-
s o l i d products were obtained. At t h i s temperature degra-
da t ion occurred and carbon was f i l t e r e d o f f f rom the r e -
ac t ion mix tu re . Cross - l ink ing increased w i t h temperature, 
as indica ted by the increase i n average molecular weight 
f rom 355 to 480 (35$) at room temperature to 355 t o 764 
(115$) at 150° C. Witrogen was shown to be present i n 
the products by sodium fus ions and fe r rous sulphate. A l l 
the products showed a large amount o f unsa tura t ion w i t h 
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peaks at 1724 cm (s) and 1613 cm (s) i n t h e i r i n f r a -
red spectra. The alcohol p o r t i o n was s t i l l present and 
the C-H s t re tch ing absorption was increased. 
The average molecular weight of the co-telomers used 
i n react ions w i t h ethylene diamine was 355* The actual 
co-telomer molecule w i t h the nearest molecular weight t o 
t h i s contains 1 C^g:2CH 2c:F 2si MeOH (M f 310 . ) , and w i l l 
have the f o l l o w i n g s t ruc tu re ( a f t e r Plimmer 
CH 2 (0H).CH 2 .Ci , 2 .CH 2 CE 2 .CI , 2 .CEH(CI , 3 ) (M, 310; S1, 61«2#) 
I t i s possible to postula te a mechanism f o r the r eac t ion 
of t h i s molecule w i t h ethylene diamine and co r re l a t e i t 
w i t h average molecular weights and f l u o r i n e analyses, as 
i n f i g . H . l . I t i s bel ieved tha t dehydro f luo r ina t ion i s 
the f i r s t s tep, fo l lowed by a d d i t i o n o f the amine t o the 
r e s u l t i n g double-bond, w i t h concurrent or subsequent hydro-
gen f l u o r i d e e l i m i n a t i o n . The evidence i n support o f t h i s 
mechanism i s as f o l l o w s : the e l i m i n a t i o n o f HP on standing 
from the Viton-MeOH co-telomers, and the format ion o f amine 
h y d r o f l u o r i d e i n the reac t ion o f excess n-butylamine w i t h 
co-telomers po in ts t o dehydro f luor ina t ion as the main p ro -
cess i n stage ( l ) . This i s supported by evidence f rom 
other workers who found t h a t dehydrohalogenation was the 
22 34 
f i r s t step i n the r eac t ion of V i t o n - l i k e polymers 
26. 
2x CH 2(OH)CH 2.CP 2.CH 2CI , 2.Ci' 2.C^H(CE 3) (A) (M, 310; S, 61.2#) 
(1) I -m 
2x CH 2(0H).CH 2.CP 2.CH=Ci ,.Ci , 2.Ci'H(ei , 3) (B) (M, 290; P, 59«0#) 
(2) | H H 2 ( C H 2 ) 2 1 3 H 2 
CH2 ( OH) CH 2 . CJg. CH 2 . -CI 1 . CIg . CIH (CI^) ( C) 
m 
I 
( C H 2 ) 2 
I 
m 
CH 2(OH).CH 2.CP 2.CH 2.-CP.CP 2.CPH(CP 3) 
(3) | - H J 
C^COHj.CHg.Glg.CH^.C^.CIHCC^) (D) (M, 600; P, 50-7$) 
H 
I 
( C H ? ) 2 
I " 
CH2(OH) CH2.CP2,CH2,C.CP2,CPHC CI^) 
P i g . H . l . 
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and model compounds - ?- ,»- ?°»-' w i t h primary amines. The 
increase i n molecular weight, the presence of n i t rogen 
and increased C-H absorpt ion ( i n f r a - r e d ) i n the products 
indica tes tha t the amine takes par t i n the c r o s s - l i n k i n g , 
i 
The u n i t - CP - ItfH - , which i s present i n s t ruc tu re (C) 
has "been shown t o he unstable and t o e l imina te HF t o form 
- C m N , and i t i s suggested tha t t h i s occurs a t 
stage (3) t o g ive s t ruc tu re ( D ) . The increse i n mole-
cular weight i n going f rom A to D i s f rom 310 t o 600 which 
agrees w e l l w i th the comparative f i g u r e s f o r t h e co-telomer 
react ions at 150° C and 170° C, e.g. at 150° C, the mole-
cular weight increase i s f rom 355 t o 764; and the decrease 
i n f l u o r i n e content (10«5# - ^able I I . l ) , i s o f the order 
of t h a t obtained i n the co-telomer react ions at 150° C and 
170° C (6*9$, 6«4#) . These observations also conf i rm 
the postulated mechanism. The decrease i n f l u o r i n e con-
t e n t i s greater f o r the lower temperature react ions (9*5$ 
at room temperature). This can be explained by suggesting 
tha t as there i s less c r o s s - l i n k i n g at t h i s temperature, 
co-telomer chains attached t o diamines, the second amino 
group of which w i l l not havereacted, w i l l be present . 
Thus, w i t h molecules present i n which one diamine i s 
attached t o only one coOtelomer chain , the f l u o r i n e con-
t e n t of the molecule w i l l be reduced. 
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The i n f r a - r e d spectrum of the products indicates 
d i f f e r e n t kinds of unsa tura t ion . This corresponds to 
e l i m i n a t i o n of HI at several s i t e s i n A, e .g . 
CH2 ( OH) CH-CP. CH=C:P. C!P. -C3P ( CI^ ) 
as w e l l as the C=M unsa tura t ion suggested above, and addi -
t i o n of amine could take place at any of these s i t e s , 
Pakiorek ^ has shown tha t unstable s t ructures of the 
l i 
type - CH 2 - C3? - NH - can e l iminate HP t o g ive - CH = C - HH 
as w e l l as - CHg - C = U - and the former s t ruc tu re i s 
t he re fo re also l i k e l y to be present i n the products . 
I n order t o exp la in the c r o s s - l i n k i n g i n the n -
butylamine product, i t i s necessary t o postula te ( l ) r e -
moval of HP f rom two co-telomer chains, (2) a d d i t i o n of 
I I I I [ I 1 I 
CH 0 0H o CH CH CH0 CH CH 0 CH0 
I i ^ | | i | * ^ » i || ^ | i 
CV0 CP„ ^ C!P CE Cl-BH CS1 CI-W—CP 
I I I I M l I 1 1 
C4H9 °4 H 9 
amine t o one chain , (3) i n t e r a c t i o n o f the - HH group w i t h 
the other chain. This type of mechanism has been suggested 
before to explain the react ions of primary amines w i t h V i t o n -
l i k e s t ructures obtained a f t e r removal of HC1 f rom Ke l 3? 
elastomer. The average molecular weight o f the s t a r t i n g 
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mater ia l i s 583» and a c a l c u l a t i o n o f the molecular weight 
o f the product formed i n the c r o s s - l i n k i n g o f two o f these 
chains w i t h n-butylamine gives the f o l l o w i n g r e s u l t : 
(2 s: 583) - 40 (2HF) + 73 (n-C 4 H g KH 2 ) = 1,199 
This value i s very close t o ac tual molecular weight of the 
product (1,110). 
At 100° C, the product f rom the r eac t ion of hexa-
methylene diamine w i t h Viton-MeOH co-telomers v/as a black 
s o l i d . I t s molecular weight could not be determined as 
i t was inso lub le i n b o i l i n g acetone. However, i t s mole-
cular weight must have been much greater than 1,130 which 
was the molecular weight of the ssmi^sol id obtained f rom 
the r eac t ion at 50° C. The i n f r a - r e d spectrum of the 
former product: and tha t f rom the r e a c t i o n o f t r imethylene 
diamine w i t h co-telomers were very s i m i l a r t o those des-
cr ibed above f o r the ethylene diamine r eac t ion produ(£ts . , 
I n order t o obta in a product of molecular wt . 1,130 f rom 
a s t a r t i n g ma te r i a l of average molecular wt , 330 i t i s 
necessary to pos tu la te s t ruc tures i n v o l v i n g three co-
telomer chains c ross - l inked by two molecules of hexamethyl 
ene diamine, e .g . 
30* 
N 
i 
(0H o ) 
I 2 '6 
N 
I 
(CH 0) 
I 2^6 
The l i n e — 
represents a co-telomer cha in . A molecular weight calcu-
l a t i o n gives the f o l l o w i n g r e s u l t : (3 x 330) + [2 x 112 
(MH 2 (CH 2 ) 6 KH 2 ) ] - 160 (8H21) = 1,054, which i s close to the 
experimental value ( l , 1 3 0 ) . I t i s also possible t o postu-
l a t e t h a t two chains are cross- l inked by two or more 
amines. This would also lead t o increases i n molecular 
weight . I f the r e a c t i v i t i e s o f the diamines towards r e -
ac t i on w i t h co-telomer chains are expressed i n terms o f 
the r a t i o + m.wt. product/m.wt. reac tan t , the f o l l o w i n g 
r e s u l t s are obtained:-
Bbhylene Diamine , 100°C + 520/355 = 1-50 
Trimethylene Diamine,100°C : (556-14)/330 = L 6 4 [14=CH 2] 
Hexamethylene Diamine, 50° C: ( l ,130-112)/330 = 3*08 
[112 - 2 x ( C H 2 ) 4 ] 
3 1 . 
Allowances were made f o r the molecular weights o f the d i a -
mines and the pos tu la te t ha t two molecules of hexamethylene 
diamine w i l l c r o s s - l i n k three co-telomers chains. Thus, 
the order of r e a c t i v i t y i s found t o be:- > • 
Hexamethylene Diamine ^ Trimethylene Diamine > Ethylene 
Diamine 
Cross - l ink ing of Viton-MeOH Co-telomer Alcohols w i t h a 
T e r t i a r y Amine and D i t h i o l . 
When a t e r t i a r y amine (Efc^N) was t rea ted w i t h co-
telomers f o r two h r . i n ether at 50° C, the molecular weight 
of the "brown product obtained was increased only s l i g h t l y 
(409 t o 488) . The infraf tced spectrum showed l i t t l e change 
w i t h only a very s l i g h t increase i n unsa tura t ion . When 
p ropane - l , r -3 -d i th io l i n monoglyme, a more polar solvent , 
was added, at the same temperature, i n the presence of v 
porusssiAv* carbonate, considerably more r e a c t i o n took place. 
The molecular weight of the s t a r t i n g ma te r i a l was increased 
by 153$ (330 to 835$, and the f l u o r i n e content was reduced 
by 6.5$ (Table I I . l ) . The i n f r a - r e d spectrum was s i m i l a r 
t o those of the diamine products , showing a large amount 
of unsatura t ion [1724 cm"*1 ( s ) , 1639 cm" 1 ( b road ) ] , and 
increased C-H s t r e t ch absorption [2985 c m " 1 ( s ) ] . No 
S-H absorption i n the r eg ion around 2564 cm"l could be 
observed. Sodium f u s i o n fo l lowed by sodium n i t ropruss ide 
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showed: t ha t sulphur was present i n the product . Thus, the 
f o l l o w i n g type of s t ruc tu re can be postulated f o r the pro-
duct , i n v o l v i n g c ro s s - l i nk ing o f two co-telomer chains (A) 
by the d i t h i o l : 
CH2 ( OH) . CH 2 . CP 2 . CH=C. C]?2CPH( CI^ ) 
S 
I 
( C H 2 ) 2 
I 
S 
CH 2(0H)CH 2.C^ , 2.CH=C.Ci , 2.GlH.(C^ , ) . 
The reac t ion mechanism w i l l be s i m i l a r t o t ha t suggested 
i n f i g . 1 1 , 1 . As before , the c r o s s - l i n k i n g could take 
place at several s i t e s on a co-telomer chain and involve 
more than one d i t h i o l and more than two co-telomer chains. 
Cross - l ink ing of 1.4-0otafluorooYclohexadiene/Vinylidene 
flluoride/MeOH Co-telomer Alcohols w i t h Diamines. 
Plimmer ^ suggested tha t these co-telomers con-
ta ined s t ruc tures of the t y p e : -
CH 2(0H)CH 2.ci« 2 C I. „ c^iH 
The i n f r a - r e d spectrum contains peaks i n the unsa tura t ion 
range at the f o l l o w i n g wave numbers 1757 cm w ' L (w), 1754 cm"'L 
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( s ) , and 1695 cm ( w ) . The 1754 cm" (s) peak was a t t r i -
buted 1 ^ to the - CP = CP - c y c l i c double bond and the 
other peaks can be a t t r i b u t e d to the HP e l i m i n a t i o n , which 
occurs on s tanding. 
The co-telomere were t r e a t e d w i t h ethylene diamine 
at room temperature t o g ive a red-brown o i l of increased 
v i s c o s i t y , and w i t h hexamethylene diamine at 50° C to give 
a black s o l i d . Both the s t a r t i n g m a t e r i a l (copiously) 
and the product, e l iminated HP on standing. I t was im-
possible t o obta in molecular weights f o r these compounds, 
and i t seems l i k e l y t h a t the ebull iometer was a f f e c t e d by 
the HP released. The increased v i s c o s i t y of the products , 
and the la rge reductions i n f l u o r i n e content (Pig ,11,1) due 
t o HP e l i m i n a t i o n and i n c l u s i o n of amine, showed tha t cross-
l i n k i n g had occurred, and strong absorpt ion at 1695 cm**"5" i n 
the i n f r a - r e d spectrum showed t h a t unsatura t ion had increas-
ed. The mechanism f o r these react ions w i l l be s i m i l a r t o 
t h a t postulated f o r the Viton-MeOH co-telomer reac t ions 
w i t h diamines. 
34. 
Experimental 
I I . 4 . Molecular Weights. 
The instrument used to determine these was a 
Gallenkamp semi-micro ebul l iometer , su i t ab le f o r the deter-
minat ion o f molecular weights on 200 mg. samples. The 
l i m i t a t i o n s o f the method are that the compound t o be deter-
mined must (a) have a n e g l i g i b l e vapour pressure (b) be 
soluble i n acetone, ether , or benzene (c) have a molecular 
weight below 1,000. 
Procedure. The apparatus was set up as described i n the 
i n s t r u c t i o n l e a f l e t . The samples were i n j e c t e d i n the 
form of weighed p e l l e t s ( s o l i d s ) , or on a looped copper 
wi re (semi-solids and viscous l i q u i d s ) . Theapparatus was 
f i r s t c a l i b r a t e d using naphthalene as a standard. Once 
the solvent (dry acetone) had reached a c o n d i t i o n o f steady 
b o i l i n g , p e l l e t s of naphthalene (approx. 50 mg. each) were 
weighed accurate ly , and added t o the solvent at three min-
u te i n t e r v a l s , n o t i n g the resis tance change w i t h each addi-
t i o n , by b r ing ing the galvanometer d e f l e c t i o n back t o zero. 
Results and Ca lcu la t ion . l o r naphthalene the r e s u l t s were 
tabula ted as f o l l o w s : 
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R A R £AE £AWt 
2085 
2012•5 72-5 72«5 0-057 0-057 
1920 92-5 165 0-081 0-138 
1851-5 68-5 233-5 0-050 0-188 
1784 67-5 301 0-053 0-241 
1697 87-0 388 0-075 0*316 
Where R * resis tance 
AR = change i n resis tance caused by a d d i t i o n 
of A Wt g . so lu t e . 
± AWt = the sum o f A Wt corresponding t o 2 A E 
A graph was drawn of £ ^ R v s . £_AWt, t he slope of which, 
£AR/£AWt • S, was p ropor t iona l t o the molecular weight 
o f the compound used (see P i g . I I . 2 ) . 
i . e . K 3 Mol .wt . s. S. 
Hence f o r the naphthalene standard, 
E = 128-17 x S. 
K i s a constant f o r the apparatus under these condi t ions . 
Prom P i g . I I . 2 , f o r naphthalene S = 1237-5 f where K - 158,600. 
Por any unknown compound, the above procedure was repeated, 
and a value S x obtained f o r the slope of the graph. Thus: 
36 
M 
158.600 
S* 
The accuracy of the method was checked using "benzoic a c i d . 
Prom the graph of £ A E / £AWt o f benzoic acid i n acetone, 
S* = 1,350, ; . M = 158,600/1,350 - 117'5 (Calc: 122*1; 
e r ror - 3 » 8 # ) . 
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I I . 5 - Infra-Red Spectroscopy. 
The Infra-red spectra of a l l compounds have "been 
recorded. A Grubb-Parsons, Type G.S.2A infra-red spectro-
meter operated by Miss D. Chapman, has been used to obtain 
the spectra. The sample was usually in the form of a 
thin;; contact film between potassium bromide discs. 
Infra-Red Data. (See p. 53 for Infra-red spectra). 
Bands are quoted for the regions 2-5yW and 5-7yU (unsatura-
tion) . 
Viton-MeOH Co-telomer Alcohols. 3690 cm"1 (m), 3436 cm"1 
(broad) OH; 2985 cm"1 (s) C-H; 1757 cm"1 (w), 1724 cm"1 
(w), 1639 cm"1 (w) unsaturation. 
Spectral, data from reactions of Viton-MeOH co-
telomers are shown below. EE = Ethylene Diamine, HMD -
Hexamethylene Diamine, TMD = Trimethylene Diamine. 
EbjU/50 0 C. Spectrum identical with starting material ex-
cept for a slight broadening of the unsaturation peak. 
n>C4H0MH2/20°. 3690 cnT^m), 3436 cm' 1 (broad) OH; 2985 
cm?1 (s) C-H; 1724 cm" 1(s) > 1613 cm"1(broad) unsaturation. 
ED/20°. Mole ratios of co-telomers:diamine of 4:1 and 2:1 
were used at this temperature. Both give the same spectrum 
3690 enT^m), 3436 cm"1 (broad) OH; 2985 cnT^s) C-H; broad 
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band centred on 1613 cm" 1 w i t h shoulders at 1724 cm" 1 ; 
1666 cm" 1 ; 1563 cm" 1 unsa tura t ion . The ED/lOO0 C, 150°C, 
170° C products g ive very s i m i l a r spectra, except t h a t the 
shoulders o f the broad band at 1613 cm" 1 become b lu r r ed as 
the molecular weight of the product increases. 
HMD/50° C. 3436 cm" 1 (broad) OH; 2985 cm**1 (vs) C-H; 
broad band centred on 1613 cm" 1 , w i t h shoulders a t 1724 
cm"*1, 1666 cm" 1 unsa tu ra t ion . No spectrum could be ob-
t a ined f o r the HMD/lOO0 C product . 
TMD/1000 C. 3436 cm" 1 (broad) OH; 2985 cm" 1 (vs) C-H; 
broad band centred on 1613 cm" 1 w i t h shoulders at 1757 
- 1 - 1 
cm , 1563 cm unsa tu ra t ion . 
Bfc3isr/SB(CH2) :?SH/500 C. 3436 cm" 1 (broad) OH; 2985 c n f 1 
(s) C-H; broad band centred on 1681 cm" 1 and 1613 cm" 1 
unsa tu ra t ion . (No SH absorpt ion i n the region 2525 cm" 1 
t o 2575 em" 1 ) . 
Octaf luorocyclohexa-1.4-diene/Vinvlidene Pluoride/MeOH 
Co-telomer Alcohols . 3436 cm" 1 (broad) OH; 2985 cm" 1 
C-H; 1757 cm" 1 ( s ) , 1748 cm" 1 ( v s ) , 1639 cm" 1 (broad) 
unsa tura t ion . The peak at 1757 cm" 1 occurs i n 1,4-CgFg. 
Spectral data f rom the react ions o f these co-
telomers are shown below. 
ED/200 C. 3436 can"*1 (broad) OH; 2985 cm" 1 (s) C-H; 
1757 cm"1 ( s ) , 1613 cm"1 (broad) unsaturation. No 
spectrum could be obtained f o r the HMD/500 C product. 
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11,6, Preparation of the Co-telomer Alcohols. 
These reactions were carr ied out i n a stainless-
steel autoclave (volume 380 ml.) f i t t e d wi th a stainless-
60 
steel inser t , t o accommodate a cobalt gamma-source guide 
tube ( P i g . H . 3 ) . 
Procedure - Anhydrous methanol was weighed d i r ec t ly into 
the autoclave, the insert was f i t t e d , and the pressure head 
screwed down. The autoclave was then cooled i n l i q u i d 
a i r , the outlet arm was connected to a vacuum l i n e with 
pressure tubing, and the autoclave was evacuated. The 
valve on the outlet arm was then closed, and the autoclave 
was allowed to warm up to room temperature i n order to 
vapourise the telogen. Af te r more cooling i n l i q u i d a i r 
the autoclave was evacuated again. Thus, ozygen, which 
might have inhibi ted the reaction, was removed. The ole-
f i n s were now transferred from the i r cylinders into the 
autoclave v ia an evacuated t h r e e - l i t r e bulb which was con-
nected to the autoclave v ia the vacuum l i n e . The amount 
of o l e f i n transferred was controlled by noting the manometer 
pressure of the gas i n the t h r e e - l i t r e bulb and was deter-
mined by weighing the cylinders before and a f t e r t ransfer . 
The valve on the outlet arm was now closed and the auto-
clave allowed to warm t o room temperature before being 
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placed under the gamma source f o r I r r ad ia t ion . 
Working up - After approx. 14 days the autoclave was taken 
o f f the gamma source and connected to a vacuum l i n e . Any 
unreacted olef ins were allowed to expand into a large bulb 
connected to the vacuum l i n e , to which a vapour density 
bulb was attached. The average molecular weight of the 
v o l a t i l e olef ins waa then determined and the r e l a t ive amounts 
of recovered o le f ins estimated from t h i s determination. The 
autoclave head was then removed, the remaining l i q u i d was 
pipetted in to a f l a sk , and the telogen and olefin-methanol 
adduct (e .g . CI^.CIH.OFg.CHgOH) removed by d i s t i l l a t i o n 
under reduced pressure. The co-telomer mixture was then 
transferred to a one-piece d i s t i l l a t i o n apparatus and dis-
t i l l e d at 0»05 mm up to 200° C, the pressure being measured 
on a p i ran i vacuum gauge. 
LOC K IN C-.. SCREW 
E Z 3 
i i 
in • i PRESSURE PLATE OF msfRT 
I *V I I 1 I V 
lEftD GRSKE7 
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INSERT 
SOURCE G\IID€ 
T U B E 
CO*" SOURCE 
\ 
\ 
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Reactions ( i ) C^/CH^PVMeOH. 
Reagents MeOH (52 g . , 1-63 mole) 
(60 g . , 0-4 mole) 
(26 g . , 0*4 mole) 
14 days on 500 curie source 
°3 f f 6 
CH2CE2 
I r r ad ia t ion 
Recovered 
Reacted 
MeOH 
°3 E 6 
CH 2C:F 2 
MeOH 
°3*6 
47-2 g. 
4 g . 
N i l 
(4-8 g . , 0-15 mole) 
(56 g. , 0»37 mole) 
(60 g . , 0-4 mole) 
D i s t i l l a t i o n of the methanol + olefin-methanol adduct 
gave 12 g* CiyCEH.Cffg.CH^H. b.p. 114° C. This contains 
9*9 g. + 2 , 1 g« MeOH, therefore the co-telomer mixture 
contained: 
C^g:56-9-9 - 46.1 g . t 0-30 mole 
MeOH:4»8-2.1 = 2*7 g . , 0-084 mole 
CHgCEg . 60 g . , 0*40 mole 
( i i ) 1.4-CeP0/CHcCP2/MeOH 
Reagents MeOH 
1 , 4 - C £ 8 
I r r ad i a t i on 
(103-5 g . , 3-23 mole) 
( 83-0 g . , 0-37 mole) 
( 38.0 g . , 0.59 mole) 
14 days on 500 curie source. 
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97«5 g . 
48*1 g. 
N i l 
(6«0 g . , 0»19 mole) 
(34*9 g . , 0«15 mole) 
(38-0 g . , 0-59 mole) 
D i s t i l l a t i o n of the methanol + olefin-methanol adduct gave 
21-4 g . HCCgEgJCBgOH. b.p.164 0 C. This contains 18«72 g . 
l^-CgPg + 2-68 g. MeOH, therefore the co-telomer mixture 
contained: 
l t4-CgF 8:34«9-18»72 = 16»18 g . , 0«07 mole 
MeOH: 6»0-2-68 - 3*32 g . , 0*10 mole 
CHpCFp - 38-0 g . , 0-59 mole 
Recovered MeOH 
Reacted MeOH 
1,4-OgJg 
CH2CE2 
46. 
I I . 7 Cross-linking Reactions. 
Cross-linking Reactions of Viton-Methanol Co-telomer 
•Alcohols wi th Amines -
a) T r i ethyl amine. Co-telomer alcohols (6*5 g. i 0*016 
mole) i n anhydrous ether (20 ml.) were placed i n a three-
necked f l a sk f i t t e d with a s t i r r e r , r e f l u x condenser, and 
dropping funnel . Iriethylamine (9*9 g.» 0*098 mole) i n 
ether (10 ml.) was added dropwise over 30 min. , and the 
reaction mixture was s t i r r ed fo r 12 h r . at room tempera-
tu re . F ina l ly the reaction mixture was heated under re-
f l u x fo r 2 hr . A small amount of precipi ta te formed and 
was f i l t e r e d o f f . The brown ethereal solution obtained 
was f i l t e r e d through activated charcoal, washed with d i lu te 
HC1 t o remove excess amine, and dried over MgSO .^ The 
ether was then pumped o f f and a brown viscous l i q u i d (3 g.) 
remained (Found: P, 60-6$; M, 488. Original material con-
tained: E, 62*8; M, 409). 
b) n^Butvlamine. Using the apparatus described above, 
co-telomer alcohols (11 g . , 0*019 mole) i n anhydrous ether 
(30 ml.) were placed i n the f l a s k , which was cooled t o 0° C 
i n an ice-bath, and n-butylamine (17*5 g . i 0*246 mole) i n 
ether (10 ml.) was added slowly, wi th s t i r r i n g , over 45 min. 
The reaction mixture was then allowed to warm to room 
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temperature and s t i r r e d f o r 21 nr . A white precipi ta te 
formed (3*7 g.) which was f i l t e r e d o f f and washed wi th 
anhydrous ether (Pound: 20• 6$; Calc. f o r C^HgHH^P: 
P, 20*4$). The dark "brown solut ion was f i l t e r e d through 
activated charcoal, washed wi th d i l u t e HC1 to remove excess 
amine, and then washed with water. After drying the 
solution over MgSO ,^ the ether was removed under reduced 
pressure and the product was a d:ar,k-brown, viscous o i l 
(8.4 g.) (Pound: 1 , 56*8$; M, 1,110. Original material 
contained: P, 64*0$; M, 583). 
c) Ethylene Diamine (1.) Using the apparatus described 
above, co-telomer alcohols (3 g«» 0*008 mole), monoglyme 
(10 mle) and anhydrous K 2 ^°3 ( ° e 5 5 g«» 0*004 mole) were 
placed i n the f l a sk , which was cooled t o 0° C i n an ice-
bath. Ethylene diamine (0*12 g . , 0*002 mole) i n monoglyme 
(15 ml . ) was added slowly, with s t i r r i n g , over 20 min. The 
resu l t ing yellow solut ion was then allowed t o warm to room 
temperature and s t i r r ed f o r 18 hr . The white residue, 
presumably containing KgCO ,^ KP, and some amine hydro-
f l u o r i d e , was f i l t e r e d o f f from the brown solut ion. The 
monoglyme was removed at reduced pressure, and 2*4 g . of 
pleasant-smelling red o i l of increased viscosi ty was ob-
tained. (Pound: P, 54*5$; M, 397. Original material 
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contained: F, 64'4; M, 355). 
(2) Using the procedure described above [ ( c ) ( 1 ) ] 
and changing the mole r a t i o of co-telomers to diamine gave 
the fol lowing resu l t : 
Reagent3 Co-telomer alcohols (3 g.» 0«008;> mole) 
KH 2(CH 2) 2NH 2 (0*24 g . , 0«004 mole) 
K 2C0 3 (1*15 g . , 0*008 mole) 
Time/Temp. 18 h r . / 2 0 ° C. 
Product 1*9 g . dark red o i l o f approx, doubled v iscos i ty . 
(Pound: i 1 , 54*9$; M, 480; Original material con-
tained: F, 64*4; M, 355). 
(3) Reactions ( 3 ) , ( 4 ) , and (5) were carried out 
i n carius, tubes, shaken i n a mechanical shaker, and heated 
i n a cy l ind r i ca l heater. I n each case monoglyme (30 ml.) 
was added as solvent. The working-up of the product was 
the same as that described above i n c ( l ) . 
Reagents Co-telomer alcohols (4*2 g . , 0.011 mole) 
M 2 (CH 2 ) 2 WH 2 (0.34 g . , 0.0055 mole) 
K 2C0 3 ( L 6 1 g . , 0.011 mole) 
Time/Temp. 3 h r . / l 5 0 ° C. 
Product 2.0 g. brown-black, semi-solid. (Pound: P, 
57.5$. M, 764; o r ig ina l material contained: 
P, 64»4#; M, 355). Some degredation occurred 
and carbon was f i l t e r e d o f f . 
49. 
(4) 
Reagents 
Time/Temp. 
Product 
Co-telomer alcohols. (3 g . , 0*008 mole) 
NH2(CH2)21JH2 (0.24 g . , 0-004 mole) 
K 2C0 3 (1.15 got 0-008 mole) 
3 hr . / lOO 0 C. 
1*7 g. brown-black, extremely viscous o i l . 
(Pound: P, 57«1#; M, 520; o r i g i n a l material 
contained: P, 64.4#; M, 355). 
(5) 
Reagents 
Time/Temp. 
Product 
Co-telomer alcohols (6 g . , 0*015 mole) 
HB2(CH2)NH2 (0-4 g . , 0-0075 mole) 
K 2C0 3 (2 .1 g . , 0.015 mole) 
3 h r . / l 7 0 ° C. 
2*0 g. brown-black, s emiso l id . (Pound: 
P, 51 ' 5f°; M, 785; o r ig ina l material con-
tained: P, 57-9?«; M, 399). 
d) Hexamethylene Diamine ( l ) Using the procedure describ-
ed i n c ( l ) gave the fol lowing resul ts f o r d ( l ) and d(2) : 
Reagents Co-telomer alcohols (5 g . , 0*015 mole) 
NH2(CH2)gHH2 (0.87 g . , 0.0075 mole) 
K 2C0 3 (2.07 g . , 0.015 mole) 
3 hr . / lOO 0 C. 
3*4 g. black, semi-solid. (Pound: P, 47«5$; 
Time/Temp. 
Product 
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M, - ; o r ig ina l material contained: 
P. 59-9$; M, 330). The product was un-
soluble i n "boiling acetone and no molecular 
weight could he obtained. 
(2) 
Time/Temp. 
Product 
Reagents Co-telomer alcohols (5 g M 0*015 mole) 
MH2(CH2)gHH2 (0.87 g . , 0-0075 mole) 
K 2C0 3 (2.07 g . , 0.015 mole) 
18 h r . / 5 0 ° C. 
3*5 g« brown-black, semi-solid. (Pound: 
F, 50.8$; M, 1,130; o r ig ina l material con-
tained: F, 59*9$; M, 330). 
Monoglyme was the solvent used f o r these [ d ( l ) and (2 ) ] 
and a l l fur ther react ions. 
e) Trimethylene Diamine. Using the procedure described 
in(c)(l) gave the fo l lowing resu l t : 
Reagents Co-telomer alcohols. (5 g . . 0*015 mole) 
HHgCCHg^BHg (0-55 g . , 0*0075 mole) 
K 2C0 3 (2*07 g . , 0*015 mole) 
3 hr . / lOO 0 C. 
3*7 g . black, semi-solid. (Pound: F, 
46.6$; M, 556; o r ig ina l material con-
tained: P, 59*9$; M, 330). 
Time/Temp. 
Product 
51 
f ) Triethvlamine and Propane-l.3~Dithd.ol. Using the 
procedure described i n c ( l ) , w i th propane-l ,3-di thiol 
also i n the f l a s k gave the fol lowing resu l t : 
Reagents Co-telomers alcohols (5 g.» 0«015 mole) 
(C 2 H 5 ) 3 H 
HS(CH2)^SH 
(1*52 g . , 0-015 mole) 
(0.81 g . , 0.0075 mole) 
(2*07 g . , 0*015 mole) 
Time/Temp. 
Product 
E 2C0 3 
18 h r . / 5 0 ° C. 
2.8 g . red-brown o i l . (Pound: P, 53*4$; 
M, 835; o r ig ina l material contained: 
59-9^5 M, 330). 
Cross-linking Reactions of 1.4-Octafluorocyclohexadiene/ 
Vinvlidene Pluoride/MeOH Co-telomer Alcohols w i t h Diamines. 
g) Hexamethvlene Diamine. Using the procedure described 
i n c ( l ) gave the fo l lowing resul t : 
Reagents Co-telomer alcohols (5 g.» 0*017 mole x ) 
HH2(CH2)gBH2 (0*99 g . , 0-0085 mole) 
Z 2C0 3 (2-35 g . , 0-017 mole) 
18 h r . / 5 0 ° C. 
1.8 g . HP-smelling black s o l i d . (Pound: 
F, 43*6/5; M, - ; o r ig ina l material con-
tained 1 P, 55»9#; M, 300 x ) . I t was not 
possible to obtain molecular weights i n g) 
and h ) , probably due to HP elimination by 
Time/I emp. 
Product 
52. 
both or ig ina l material and product. 
Molar quantities were based on molecular 
weights obtained by Plimmer 
same f rac t ions . 
13 f o r the 
h) Ethylene Diamine. Using the procedure described i n 
c ( l ) gave the fo l lowing resul t : 
Reagents Co-telomer alcohols 
MH 0(CH 2) 2]ffl 2 
K 2C0 3 
lime/Temp. 
Product 
(5 g . , 0.017 mole x ) 
(0«51 g . , 0«0085 mole) 
(2-35 g . , 0-017 mole) 
18 h r . / 2 0 ° C. 
2 '1 g. HP-smelling, dark-red o i l . (Pound: 
P»55»9#; M, - ; o r i g ina l material contained: 
P, 38'9#, M, 300 x ) . 
1ITON-MMM < 0 - r S l O M f US 
VI TON-MEOH CO-TELOMEIw/ 
± 3 
i i * - V i / < H > c f , / m e * co-rELOMERs 
ViroN-MEOH <0-TELOMERs/ 
NHiftMii iNHa/jO'C 
—' 
LJ.J F 
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. . . . ** 
Vf J J * < 7 
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PARI I I . 
CHAPTER I : INTRODUCTION 
1 . 
1 , 1 . Dipole Moment. Bond Moment and Group Moment; Sign. 
Angle, and Vector Summation of Moments. 
A molecule i s said t o have a dipole moment i f i t s 
centres of +ve and -ve charge do not co inc ide . I f the +ve 
and -ve charges, + Se and - Se, are separated "by a distance 
1 , then the d ipole moment = £ e x 1 . As the moment acts 
i n the d i r e c t i o n of the l i n e j o i n i n g the two charges, tha t 
i s , the axis of the d ipo le , i t i s a vector quantity. The 
e lec t ron ic charge i s 4»8 x 1 0 e . s . u . so tha t i f an 
o 
e l ec t ron moves 1A i . e . a distance of the order of one bond 
—18 
l e n g t h , a moment of 4*8 x 10 e . s .u . i s created. This 
i s normally quoted as 4*8 Debye u n i t s or 4»8D. 
The H6l molecule i s a simple example of a molecular 
d ipo le which l i e s i n the HG1 bond w i t h the +ve end towards 
the hydrogen and the -ve end towards the c h l o r i n e . I t i s 
^ * 
o f t e n w r i t t e n H-Gl . This i l l u s t r a t e s the f a c t t ha t a 
chemical bond between atoms of d i f f e r e n t elements normally 
has a d ipole moment ac t ing i n the d i r e c t i o n o f the bond, 
known as the bond moment. For a group such as the -HOg 
group we can def ine a c h a r a c t e r i s t i c group moment, which 
i s more u s e f u l than the bond moment i n the c a l c u l a t i o n of 
molecular moments, as the vector sum o f the i n d i v i d u a l 
bond moments. Tables of bond and group moments have 
been publ ished, c o l l exited values o f d ipo le moments 
2 
up t o 1948 J and 1962 are a v a i l a b l e . 
I t i s necessary t o assign d i r ec t ions t o d ipole 
moments. I f the d i r e c t i o n of the moment of any atom or 
group bonded to the benzene r i n g i s known, then t h a t of 
another atom or group can be determined from the moment 
of the compound i n which the two groups are subs t i t u t ed 
para t o each other on a benzene r i n g . The : : .;. 
negative pole of the C-EEL bond was assumed ^ t o be at the 
ch lo r ine atom because of the greater e l e c t r o n e g a t i v i t y of 
the ch lo r ine than carbon. Eor Pr'Cl.CgH^NOg, the moment 
would then be e i the r the sum of the moments of CgH^Cl and 
CgHgKOg or the d i f f e r e n c e . The value obtained i s 2.61D 
which i s much closer t o the d i f f e r e n c e (2»46D) than to the 
sum (5-56D), i . e . - NO,, acts i n the same d i r e c t i o n as - C I 
r e l a t i v e t o carbon. This t e s t i s not very u s e f u l f o r the 
. 'bent ' groups such as - OH, - HH2» but ^ i s u sua l ly assum-
ed tha t the more e lect ronegat ive atom i s the negative pole 
and no r e a l anomalies have been found . 
Because of the vector proper t ies of d ipo le mom-
ents, when two or more groups are attached to the benzene 
r i n g , i t i s possible t o ca lcu la te an expected value f o r 
the resu l tan t moment - e .g . f o r the dichlorobenzenes the 
g 
f o l l o w i n g values have been obtained and ca lcu la ted 
3 
( C 6 H 5 t t l - 1-56D) i n Table 1 . 1 . 
Observed (D) Calculated (D) 
d - C 6 H 4 C l 2 2-25 2*70 
m-C 6 H 4 Gl 2 1-48 1*56 
p - C 6 H 4 C l 2 0 0 
Table 1 . 1 . 
She angle between the vec tors i n the G-compound i s 6 0 ° , 
i n the :nr-compound 1 2 0 ° , and i n the p-compound 1 8 0 ° . The 
para vectors cancel out , and the meta and ortho values are 
ca lcu la ted using the cosine r u l e . The agreement between 
the measured and ca l cu l a t ed values f o r p - and m-CgH^Qlg 
and the discrepancy f o r o-GgH^Olg i s t y p i c a l o f d iha lo -
subs t i tu ted benzenes (see l a t e r ) . This i s important when 
considering the d ipole moments of Cg3P,-X compounds where 
the C-!(4) and C - X moments are l i k e l y t o be a f f e c t e d by 
the f l u o r i n e atoms ortho t o them. 
Erom the vector law, the moment of p-chlorotoluene 
would be expected to be the sum of the moments o f ch lo ro -
benzene and toluene i . e . 1«58 + 0*37 - 1#95D 
01 - W v ,V-<- CH 
1'58D N / 0O7D 
The observed value i s 1«95D, which shows tha t the vector 
4 
law holds and confirms the d i r ec t ions assigned to these 
groups. Since the vector law seems to hold f o r p-methyl 
groups, i t seemed reasonable to assume t h a t the moments 
of other groups which are not d i r ec ted r a d i a l l y f rom the 
r i n g , e .g. - NMe2, would be unaf fec ted by the i n t r o d u c t i o n 
o f a p-methyl group, and t h a t the vector law would s t i l l 
o 
h o l d . Marsden and Sutton used t h i s approach to calcu-
l a t e 9, the angle between the d ipo le axis and the plane 
of the r i n g , f o r a n i l i n e , phenol, e t c . An example of 
t h i s i s the c a l c u l a t i o n of 9 f o r - NMe2 f rom N-dimethyl 
a n i l i n e (1«58D) and dimethyl p - t o l u i d i n e (1»29D). These 
values should be r e l a t e d to the d ipo l e moment o f toluene 
(0'37D) by the f o l l o w i n g r e l a t i o n s h i p : -
yW 2(HMe 2.C 6H 4.Me) -yU 2(NMe 2AR) +yW2(ARMe) - 2.yU(NMe 2AR). 
yU(ARMe).cos 0 
Subs t i t u t ing the numerical values gives 0 - 3 4 ° . When 
la rge in t e rac t ions are found to take place between groups 
i n p - d i s u b s t i t u t e d benzenes, t h i s type of c a l c u l a t i o n can-
not be used* 
The f o l l o w i n g c a l c u l a t i o n i s an example of vector 
c a l c u l a t i o n using the cosine r u l e f o r 4 - f l u o r o - a n i l i n e , 
7 
where 0, the angle between the d ipo le axis of the - NH2 
group and the plane of the r i n g i s known. The aim i s t o 
5. 
obta in a ca lcula ted value f o r the molecule and the value i s 
used l a t e r i n the t h e s i s . F i g . I . l a ) shows the moment 
d i r e c t i o n s and I . l b ) i s a vector diagram f o r the c a l c u l a t i o n . 
W // 0 
a) 4 I? - G 6 H 4 -HH 2 
C-J = l»45i C -
r e su l t an t moment 
b) vector diagram 
MH2 = m 2 i 1*50, 4 © - 4 8 ° , 7 yi\ 
B i g . I . l . 
F1 
p p 
m l + m 2 ~ 2 n L ' m 2 c o s = @ ^ 
1-45 2 + 1 « 5 0 2 + 2 x 1«45 x 1-50 cos 48° 
7*265 
2.701) 
6, 
1.2. Induct ive and Mesomeric E f f e c t s . (IO~. Iir . M) . 
As the i n t e r p r e t a t i o n of d i p o l e moments concerns 
the e lec t ron ic e f f e c t s which occur i n organic molecules, i t 
i s necessary t o def ine these e f f e c t s . 
The induc t ive e f f e c t 1^ concerns cr e lectrons and 
describes the tendency f o r a subst i tuent t o a t t r a c t or r e -
pe l electrons according to i t s e l e c t r o n e g a t i v i t y wi thout 
changing the arrangement of e lec t ron pa i r s i n the molecule. 
The e f f e c t decreases w i t h distance from the source of the 
disturbance and may be represented:-
( - I c r ) X * — - C f — c <— c 
s-
X — : > c -—> c —> c C+Icr) 
£ + and S" denote small f r a c t i o n s of a charge u n i t . 
The mesomeric e f f e c t , which occurs only i n unsatu-
ra ted molecules, describes the tendency of the subst i tuent 
t o extend the conjugat ion path by rearranging the e lec t ron 
p a i r s i n the unsaturated molecules. This involves e i the r 
donation of an e lec t ron t o the molecule or acceptance o f an 
e lec t ron from the molecule. I t may be depicted as f o l l o w s : 
X - C . C - C - C (+ M) 
X - 4 ^ e ^ N = C - i rirN= C ( - M) 
7 
For halogen atoms attached to aromatic molecules, 
an induc t ive e f f e c t concerning TT -e lect rons or I tr 
e f f e c t i s important . I t has "been a t t r i b u t e d t o r epu l s ion 
between the TT-electrons on the subs t i tu t ed carbon atom 
and the halogen lone p a i r 
electrons ( P i g . 2 ) 1 0 and also 
t o unfavourable penet ra t ion 
o f f i l l e d o r b i t a l s con ta in -
ing the same type of e l ec t -
rons.1"'" 
f>f) 
e lec t ron r e p e l l i n g . 
(+ I I T ) 
e lec t ron a t t r a c t i n g 
0 
Eig .1 .2 
The changes i n TT e lec t ron densi ty caused by 
+ I i r and + M subst i tuents i n aromatic molecules may be 
shown as f o l l o w s : -
+ jyi 
i . e . the + 1^ e f f e c t removes TT electrons f rom the 
p o s i t i o n of s u b s t i t u t i o n , b u i l d i n g up e l ec t ron dens i ty 
at o- and p - p o s i t i o n s , reducing i t s l i g h t l y at m-posi t ions . 
For the + M e f f e c t , valence bond theory p red ic t s an i n -
crease i n densi ty at o- and p - and no change i n m-posi t ions , 
and molecular o r b i t a l theory p red ic t s a s l i g h t increase i n 
8. 
e lec t ron densi ty at the m-posi t ion a l so , 
12 
Burdon has used the + ITT e f f e c t o f the halo-
gens t o r a t i o n a l i s e nuc leophi l i c subs t i t u t i ons i n p o l y f l u o r o 
and polychoro-aromatic systems, (see l a t e r ) . 
9. 
1.3. The Elec t ron ic Ground State of the Substituent Groups. 
Erom a molecular o r b i t a l standpoint, when resonance 
i n t e r a c t i o n i s + M, the occupied o r b i t a l of the subst i tuent 
associates w i t h the molecular o r b i t a l s of the TT- e lect rons 
of an aromatic nucleus increasing the e l ec t ron densi ty i n 
the r i n g . Where i t i s - M, the "tf-orbitals of the s u b s t i -
tuent i n t e r a c t w i t h the TT-orbital system of the r i n g t o 
g ive a TT-system covering the r i n g and the subst i tuent 
and the e lec t ron densi ty i n the r i n g i s reduced. Both 
e f f e c t s are condit ioned by overlap of the o r b i t a l o f the 
subst i tuent and the P-n- o r b i t a l of the carbon atom l i n k e d 
t o i t . 
o 
I n the n i t r o group the three sp h y b r i d o r b i t a l s 
o f the n i t rogen atom overlap w i t h the carbon atom of the 
r i n g and two oxygen atoms t o form <r bonds. The remain-
ing p - o r b i t a l of the n i t rogen atom, which at t h i s stage 
w i l l be doubly-occupied, can then release one o f i t s 
e lectrons to f i l l the s ing ly occupied o r b i t a l o f one of 
the oxygen atoms, and form a "iT -bond w i t h the s i n g l y 
occupied o r b i t a l o f the other. Thus a valence-bond des-
c r i p t i o n o f the group i s as a resonance hybr id 
. o o -
10 
The formal s t ructures are of equal energy and the two N-0 
"bonds are i d e n t i c a l . The three atoms "bonded to the n i t r o -
gen are coplanar. For resonance w i t h the r i n g t o occur, 
overlap between the unhybridised p - o r b i t a l , ; o f the n i t rogen 
atom and o f the ex. r i n g carbon atom., mast be reasonably 
l a r g e , and the re fo re , f o r maximum possible over lap , the 
n i t r o group must become coplanar w i t h the r i n g . I t i s not 
l i k e l y t h a t the group w i l l assume a f i x e d planar conf igura -
t i o n as there w i l l be the usual repu ls ion between already 
f i l l e d o r b i t a l s superimposed upon the resonance e f f e c t . 
I t seems most l i k e l y t h a t there w i l l not be a random f r e e 
r o t a t i o n of the n i t r o group about the C - H bond but tha t 
there w i l l be a preference f o r o r i en ta t ions near t o coplanar-
i t y wi th the r i n g . The f o r m y l (-CHO) group can be descr ib-
ed on a s i m i l a r basis except tha t i t s group moment i s s i t u -
ated mainly i n the C - 0 bond whereas tha t of the n i t r o 
group acts i n the d i r e c t i o n o f the 0 - W bond. Both 
q 
groups have - I<y and-M e f f e c t s . 
I n amines (-MB*2, -WHCH ,^ -NCCE^) 2), the bonding i s 
more complex. I n a l i p h a t i c amines the o r b i t a l s o f the 
n i t rogen atom can best be considered sp hybr id i sed and the 
lone p a i r occupies an sp3 h y b r i d . When l i n k e d to an aro-
matic system the n i t rogen o r b i t a l s must rearrange to g ive 
more p character i f the re i s to be any i n t e r a c t i o n w i t h 
11 
the o r b i t a l s of the conjugated system. This would l ead 
to a f l a t t e r d i s p o s i t i o n o f the "bonds o f the n i t rogen atom 
and a conformation w i t h the two hydrogen atoms as near ly as 
possible coplanar wi th the r i n g . I t i s h i g h l y improbable 
t h a t the lone p a i r becomes a pure p o r b i t a l as p-phenylene 
diamine and benz'dine should i n t h a t case have a zero d ipo le 
moment and they do not.^ - Because of the resonance e f f e c t , 
t h e r e f o r e , the lone pa i r w i l l have more p character i n aro-
matic than i n saturated a l i p h a t i c amines and there w i l l be 
a preference f o r o r i en ta t ions i n which the axis of t h i s o r b i -
t a l makes a la rge angle w i t h the plane o f the r i n g . Each 
group has a - la- induc t ive e f f e c t but t h i s i s outweighed 
q 
by i t s strong + M e f f e c t . 
The H - 0 - H angle i n water should be 90° i f the 
bonding of the oxygen atom was pure P. The experimental 
value i s 104%°,and Coulson 2 ^ explains t h i s by saying t h a t , 
since H - H repulsions can only open out the angle t o 95°» 
the bonding cannot be pure P. A s l i g h t admixture of 8 
w i l l g ive more s t rongly overlapping o r b i t a l s and invo lve 
an opening out o f the angle. An assumption of a C- 0 - H 
o 23 28 angle of 115 i n phenols has p rev ious ly been made, J i 
based on X-ray analyses and e lec t ron d i f f r a c t i o n measure-
ments, and t h i s f u r t h e r opening out o f the angle w i l l r e -
quire a l a rge r p ropor t ion of Sv The C - 0 - C angle i n 
12 
_ go 
anisoles has "been assumed to be 120 • The axis o f the 
remaining P o r b i t a l i s at r i g h t angles to the plane o f the 
oxygen atom and the two atoms t o which i t i s l i n k e d so t ha t 
the p o s i t i o n i s very s i m i l a r to tha t a r i s i n g f o r the n i t r o 
group, maximum overlap being a t ta ined when the two bonds 
f rom the oxygen atom are coplanar w i t h the r i n g . The -OH 
group d i f f e r s f rom the amino groupings i n that i t i s not 
essen t ia l f o r a change of s ta te o f h y b r i d i s a t i o n t o occur 
i n order to achieve t h i s . The group has a stronger - l<r 
Q 
e f f e c t and a weaker + M e f f e c t than the amino g roup , 7 The 
alkoxy and t h i o l groups can be discussed on a s i m i l a r bas is . 
An a l k y l group jo ined t o a phenyl gives a molecule 
of small moment, which i s shown by the moments of p - s u b s t i -
t u t e d toluenes t o have i t s negative end toward the r i n g . 
The mechanism by which t h i s s h i f t o f e lectrons occurs i s 
termed hyperconjugation f o r which polar s t ruc tures may be 
w r i t t e n as f o l l o w s : -
H*CH, 
II 
H'CH, H"CH, 
II < 
«—> 
The methyl group also has a + Icr e f f e c t . 
The n i t r i l e group i s a l i n e a r sp hybr id i sed group 
which i s u n l i k e l y t o be a f f e c t e d by s t e r i c or p l a n a r i t y 
13. 
f a c t o r s . I t s - M resonance may be described i n terms o f 
small con t r ibu t ions from polar s t ruc tu res such as the 
f o l l o w i n g : -N 
I t has a s trong - I<r 
e f f e c t . 
The C - H - 0 angle i n p-iodonitrosobenzene, a 
monomer, has been shown t o be 125°»"^ I t has t een suggest 
ed by Smyth 2 ^ t ha t the angle i s probably widened "by reson-
ance t o 1 8 0 ° . This was ind ica ted hut - P 
I 
not d e f i n i t e l y established by the mom-
ents of the p-halogen and p - n i t r o -
nitrosobenzenes, as the agreement be-
tween the observed and ca lcu la ted 
values f o r p-ni t ro-ni t rosobenzene po in t s t o l i n e a r i t y of 
the group d i p o l e s . 2 ^ A con t r ibu to ry resonance s t ruc ture 
f o r nitrosobenzene i s shown. 
II 
14. 
1.4. Pinole Moment L i t e r a t u r e . 
The d ipo le moments o f numerous f l u o r i n e - c o n t a i n i n g 
a l i p h a t i c and aromatic compounds have been measured, by 
A 
various methods. 
The f o l l o w i n g measurements were made i n a study of 
the d ipo le moments i n the vapour s ta te , and molecular s t r u c t -
ures , of some h i g h l y f l u o r i n a t e d a l i p h a t i c hydrocarbons and 
ethers: ^ 
CP3G.a, 0*46; C ^ B r , 0»65D; G ^ I , 0-92D; CP 2CBr 2 , 0-66 D. 
These moments are much la rger than would be expected on the 
basis of the small d i f f e rences between the f o u r methyl 
hal ides i n the vapour s t a t e f f rom which the expected moment 
f o r , say CiyGl , should be less than 0-1D, 
CH3E, 1-82D; GHjSL, 1-88D; CH^Br, 1-80D; C H 3 I , 1-64D, 
and were explained i n terms of the induced charge s h i f t 
r e s u l t i n g f rom the d i f f e r ences between the p o l a r i s a b i l i t i e s 
of the halogens. A value of 0-38D f o r the d ipole moment 
of c h l o r o t r i f l u o r o e t h y l e n e i n the vapour s ta te when the 
expected value was 0«1D was obtained i n a study o f a l i p h a t i c 
f l u o r i n e containing compounds. This was taken to ind ica te 
t h a t cont r ibu t ions f r o m s t ructures such I are favoured over 
I I to the extent of c o n t r i b u t i n g 0*3D t o the molecule 
15. 
+ 
\ - ^ 
C — C 
/ \ 
CI E 
1 1 \ _ , F 
c — c 
+C1 
I I 
This conclusion was supported by evidence o f the shortening 
of the C - 3? distances i n var ious c h l o r o f l u o r i d e s . 
Al loca t ions o f s t ruc tu re to several decaf luoro-
cyclohexanes have been confirmed by measurement o f t h e i r 
17 18 
dipole moments i n benzene. ' The f o l l o w i n g values 
were obtained f o r perfluorocyclohexane, u n decafluorohexane 
and two 1H:2H decafluorocyclohexanes: 
°6?12* 0 D ; °6 H I , 11» 1 > 6 4 D 5 °6 B 2 3 P 10 ( b - P « 9 1 ° ) t 2-59D; 
C 6 H 2 S ' lO ( t , P e 7 0 ° ^ » ° ' 8 8 D -
I . b . p . 70 l H . b . p . 91 
The expected d ipo le moment of the two equivalent c i s 
s t ructures (lHa:2He and U3e:2Ha), ca lcu la ted f rom tha t of 
the decaf luor ide , i s 2*69D. This i s i n reasonable agree-
ment w i t h the experimental value found f o r the isomer o f 
b . p . 91° ( I I ) . I n the case o f the isomer of b . p . 70oOl) 
16, 
the low dipole moment (0»88D) confirmed ttiat t h i s s t ruc tu re 
must have the t rans s t ruc tu re and tha t the conformation w i t h 
the 2 a x i a l hydrogen atoms predominates. 
s tudied i n t h i s t h e s i s , i t i s necessary to examine previous 
d ipo le moment evidence concerning o- , p - , and po lysubs t i tu t ed 
benzenes. A determination of the d ipo le moments of p-halo 
toluenes, anisoles , and a n i l i n e s , showed tha t the i n t e r a c t i o n 
Q 
moments were l eas t f o r the f l u o r i n e - c o n t a i n i n g compounds. 
I n t e r a c t i o n moments are the d i f f e rences between observed 
and calculated moments caused by in t e rac t ions o f the reson-
ance e f f e c t s of the subs t i tuen ts . The dipole moments o f 
a ser ies of p - f l u o r o aromatic compounds were then measured 
and the values used i n determinat ion o f AR - X - AR bond 
angles i n compounds such as p . p * - d i f l u o r o d i p h e n y l ether be-
cause the low i n t e r a c t i o n moments would make the e r rors 
which might a r i se f rom i n t e r a c t i o n moments l eas t f o r 
i x u o r i n e . 7 Halobenzenes w i t h p - subs t i tu ted - M groups 
show evidence of resonance i n t e r a c t i o n which i s again small 
20 
f o r f l u o r i n e . tfrom a t a b l e o f values o f these compounds, 
i t i s noted tha t the observed value f o r p-E.CgH^NOg (2»63D) 
i s only 0«UD (4»4#) greater than the ca lcula ted vaalue 
(2«52D). The c o n t r i b u t i n g resonance s t ruc tures can become 
much more important when a s t rong ly a t t r a c t i n g - M s u b s t i -
As the d ipole moments o f Cg^c2- compounds are 
17. 
tuent i s para t o a s t rong ly donating + M subs t i tuent , e .g. 
p-NO.C 6H 4 .KMe 2 , 6 . 9 0 D j 4 ( ca lcu la ted value, 4»49D). 
The d ipole moments observed f o r o-dihalobenzenes 
are cons i s t en t ly lower than the calculated va lues . This 
discrepancy, o f t e n ca l l ed the 1 ortho e f f e c t ' , i s about 1/3 
as l a rge f o r f l u o r i n e as f o r ch lor ine and increases w i t h 
21») 
increasing s ize and p o l a r i s a b i l i t y of the halogen atoms. 
S ee Table 1.2. 
Observed(B) Calculated(D) 
o-C 6 H 4 P 2 2-38 2-53 
o -C 6 H 4 Cl 2 2.27 2»74 
o-C 6 H 4 Br 2 2«10 2-67 
o-CgH 4 I 2 1-70 2.24 
Table 1.2. 
The ch lo r ine atoms i n o-CgH^tlg and the bromine 
atoms i n o-CgH 4Br 2 have been shown to be bent out of the 
plane o f the r i n g by 18 which would account f o r sspme 
decrease i n moment. o-CgH^Pg i s u n l i k e l y t o be steric^Ly 
a f f e c t e d and i t has been shown tha t the ortho e f f e c t can be 
accounted f o r e n t i r e l y by mutual induc t ive e f f e c t s f o r a l l 
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the o-halobenzenes. Smith has used d ipo le moment 
measurements t o study the e f f e c t s of o-halogen atoms and o-
methyl groups on n i t r o , amine, f o r m y l , and ace ty l groups 
18. 
attached t o a benzene r i n g . A f t e r allowances were made 
f o r the induc t ive e f f e c t s o f each d ipo le upon the e l ec t ron 
clouds of the other subs t i tuents , i t was found tha t one 
o-chlor ine atom lowers the n i t r o group moment (4«01D) by 
0»38D, and two o-bromine atoms lower i t by 0«69D. This 
was explained by s t e r i c i n h i b i t i o n o f resonance, p a r t i a l l y 
i n o-QLCgH^N02 and f u l l y i n 2,4,6-tr ibromonitrobenzene. 
The methyl group had much less e f f e c t and reduced the 
n i t r o group by only 0»16D. Two o-methyl groups were 
shown to have l i t t l e e f f e c t on fo rmyl and ace ty l groups 
attached t o benzene whereas two o-bromines cause consider-
able i n h i b i t i o n of resonance:-
CHO 
O 8r Me 
2-96D 2.53D 2^Q2D 
m 
B Br Me Me 
Br Me 
1-53D L45D 1-73D 
The reverse was shown to be the case i n a n i l i n e de r iva t ives 
i . e . the e f f e c t caused by methyl groups i s greater than t h a t 
19. 
caused by bromine atoms. As the atomic radius of the b ro -
mine atom i s only s l i g h t l y la rger than a methyl group i t was 
i n f e r r e d tha t the cha rac t e r i s t i c s of the groups concerned, 
as w e l l as t h e i r s izes , were s i g n i f i c a n t , i . e . as repulsions 
between a halogen atom and an oxygen atom o f the n i t r o or 
f o r m y l groups are l i k e l y t o be stronger than those between 
a halogen and hydrogen atom, the e f f e c t i v e radius of a 
halogen atom may be smaller w i th respect t o the approach 
o f a hydrogen atom than w i t h respect t o "that of an oxygen 
atom, whi le the reverse w i l l hold f o r a methyl group. A 
comparison o f the observed dipole moments f o r o-halo anisoles 
w i t h the ca lcula ted moments has shown tha t the double bond 
character of the r i n g to oxygen bond i s s u f f i c i e n t to lock 
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these molecules i n a t rans c o n f i g u r a t i o n , e.g. 
<?-P.CgH4.0CH^, 2«31I>; ca lcula ted values: t r ans , 2-45D; 
c i s , 0-43D; f r e e r o t a t i o n , 1.78D. 
The d ipo le moment values o f the o-halophenols show that be-
tween 85 -90$ of these molecules have the -OH group i n the 
c i s p o s i t i o n due to intramolecular hydrogen bonding. The 
conf igura t ions of the anisoles and phenols may be shown as 
f o l l o w s : -
20. 
J1 
2 . 3 1 , t r ans , 
o - f luoroan i so le 
16D, c i s . 
o-f luorophenol 
indica tes hydrogen 
"bonding 
Studies of the d ipo le moments of po lysubs t i t u t ed 
benzenes are of p a r t i c u l a r relevance t o t h i s t h e s i s . The 
c l a s s i c a l studies of polymethyl subs t i tu ted benzenes by 
Hampson and his co-workers ^-,25 showgjbow the resonance 
of various groups could be s t r i k i n g l y i n h i b i t e d by the p re -
sence of two o-methyl groups i n t h e i r durenyl and mes i ty l 
d e r i v a t i v e s , e .g. they found tha t the moment of aminodurene 
i s 1»39B, as compared w i t h 1»53D f o r a n i l i n e , and the d ipole 
moment of dimethyl mesidine i s 1-03D compared w i t h 1«58D f o r 
d ime thy l an i l i ne , i . e . 
Me Me 
Me Me 
£1 
Me Me 
1-53D 1-39D I . 5 8 D L03D 
When both the 1 - and 4-pos i t ions i n durene con ta in polar 
2 1 . 
subst i tuents the d i f f e rences between the moments o f the 
durene and benzene de r iva t ives are even more pronounced. 
The d ipo le moments of p-amino, p-hydroxy and p -d imethy l -
amine ni t rodurene are 4»98D, 4*08D, and 4»11D, respec t ive ly , 
compared w i t h 6-10D, 5-04D, and 6«87D f o r the corresponding 
benzene d e r i v a t i v e s . ' 3 
I n the polychlorobenzenes, the or tho or induc t ive 
e f f e c t which explained the d ipo le moment values of o-dihalo-
benzenes i s again evident . The observed and ca lcu la ted 
values i n Table 1.3 f o r ch lo ro - subs t i tu t ed benzenes were 
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obtained by Smyth:-
Substi tuents Observed(D) Calculated(D) 
1 ,2-C1 2 2-27 2*74 
1,2 ,3-C1 3 2-31 3*16 
1 ,2 ,3 ,4 -C1 4 1-90 2«74 
1 , 2 , 3 , 5 - C l 4 0-65 1*58 
0>88 L 5 8 
(CH 3 ) , C l 5 1-55 1-95 
(C2H 5 ) ,C1 5 1*50 1-95 
Table 1.3. 
The moment of 1,2,3,4-CgH2lCl 4 can be t rea ted as the vector 
sum of the 2- and 3-C-C1 bonds. I t s moment i s consider-
ably lower $by 0«84D) than the ca lcula ted value and lower 
2 2 . 
than 0-CgH 4 Cl 2 ( 2 « 2 7 D ) by 0 » 3 7 D because of f u r t h e r induc t ion 
of the 2 - and 3- chlor ines by the 1 - and 4- ch lo r ines . 
Thus, when the 2 - and 3- ch lo r ine atoms have one ch lor ine 
atom 0- t o themirthey are 0 - t o each o ther , the moment i s 
lowered by 0»4D; and, when the 2 - and 3- ch lo r ine atoms 
have two 0- ch lo r ine atoms each, the moment i s lowered by 
twice t h i s amount. I f the value f o r C ^ J & L (1-58D) i s 
subtracted f rom tha t of 1,2,3-CgHySL^ i t should be equal 
t o the moment of 1 ,2 ,3 , 5-C 6H 2<31 4, i . e . 2 -31 - 1*58 = 0 » 7 3 D . 
The d i f f e r e n c e between t h i s ca lcu la ted value and the ob-
served value (O.65D) i s no more than the probable e r r o r . 
The observed moment of 1,2,3,S-CgHgBr^ i s about the same 
(0«7D)^ f o r s i m i l a r reasons. The moment of CgiQLjH, i n the 
absence of i nduc t ion , should be the same as CgH^(3l. The 
observed moment, however, i s 0*88D, and i s a measure of 
the induc t ive e f f e c t s of the f o u r ch lor ine atoms. This 
value i s important because the value o f the corresponding 
f l u o r o compound, GgF^H, i s measured i n t h i s t h e s i s . As 
C g B l ^ d i f f e r s f rom C 6 C1 5 (CH 3 ) , and C g C l ^ C ^ ) only i n 
l ack ing the a l k y l group, the moments of these compounds 
would be expected to be about 0*88 + 0*37 » 1»25D, 
(CgH^CC^) = C 6 H 5 (CH 3 ) o 0 - 3 7 D ) , whereas they are i n f a c t 
about 0*3D h igher . A value has been obtained f o r CgCl^(OH) 
(2»14D) 4 which i s close to the ca lcu la ted value (2.27D) 
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and again much higher than the value expected f o r CgCl^H = 
0-88B. Dipole moment values f o r ^ G l g , CgPg, and 1,2,3,4-
CgHgE^ have been obtained using the randomly or iented s o l i d 
27 
p e l l e t technique. The r e s u l t s were su rp r i s ing i n tha t 
CgGlg and CgSg were shown t o be po la r i s ed , and the value 
obtained f o ^ l ^ ^ ^ - C g H g l ^ (2*43D) i s close to the ca lcu-
l a t e d value (2.53D), whereas induc t ion would be expected 
t o lower t h i s moment. I t would be of in t e res t t o measure 
the d ipo le moments of the l a t t e r compound and other t r i -
and te tra-f luorobenzenes i n CCl^ s o l u t i o n , i n order to 
check the l a t t e r value and t o provide more in fo rma t ion 
concerning ground s ta te e lec t ron d i s t r i b u t i o n i n f l u o r o -
aromatic compounds. 
PARI I I 
CHAPTER I I : DISCUSSION. 
25. 
I I . 1 . I n t r o d u c t i o n 
There i s considerable current i n t e r e s t ^° i n the 
chemical proper t ies o f t he series o f polyf luoroaromat ic 
compounds CglP^X, where X i s any subs t i tuen t , and the 
e l e c t r i c d ipo le moments of some members of t h i s ser ies 
have been determined i n order t o examine the trends i n 
ground s ta te e lec t ron d i s t r i b u t i o n f o r d i f f e r e n t X sub-
s t i t u e n t s. 
W » nucleophi le 
X a any subst i tuent 
. 1 1 . 1 . 
S1 W 
As the r e a c t i v i t y of a C ^ I J X compound towardB 
nuc leoph i l i c replacement of f l u o r i n e depends on the d i f f e r -
ence i n s t a b i l i t y between the ground s ta te and an i n t e r -
mediate of the type shown i n tfig. I I . 1 , i t was considered 
t h a t an attempt to examine ground s t a t e s t a b i l i t y , as 
determined by the trends i n e l ec t ron d i s t r i b u t i o n , which 
would be indica ted by the d i p o l e moment values , might 
lead t o a c learer p i c t u r e o f r e a c t i v i t y and o r i e n t a t i o n 
of s u b s t i t u t i o n in these compounds. 
26. 
The Series which have^Measured and Calcula ted: 
P 
P 
X 
P 
Series: I 
P 
P 
X 
t 
H 
p 
I I and I I I 
P 
P 
X 
P 
P 
H 
IV 
H 
H 
H 
V 
H 
E 
Series I , I I , and IV have been measured. Series I I I has 
been obtained by c a l c u l a t i o n using values f rom the l i t e r a -
t u r e . Series V has been obtained f rom the l i t e r a t u r e . 
X = Substituent Group - N0 2 , CN, NO, CHO, HH 2 , MHMe, M e 2 , 
OH, OMe, SH, CH^. 
The C g ^ ^ series ( I ) waa the f i r s t t o be measured. 
I n a CgP^Xmolecule, the 2- and 3-(C-P) bond moments can be 
regarded as cance l l ing the 5- and 6-(C=P) bond moments. 
The d ipole moment of the molecule w i l l t he re fo re be the 
vector sum of the 4-(C-P) bond moment and the X group 
moment, and w i l l be a measure of the e f f e c t s o f the 2 ,3 , 
5, and 6 - f l u o r i n e atoms on the 4 - f l u o r i n e atom and the X 
group, and of t h i s atom and group on each other. The 
4.P.CgH4X series I I was also prepared and measured, i n 
order t o provide comparative values f o r the resu l tan t 
moments o f a 4-(C-P) bond and X group, when not attached 
27. 
t o a p o l y f l u o r i n a t e d r i n g . I n a 4.E.CgH 4 .X molecule 
the f o u r C-H bond moments w i l l cancel across the r i n g , 
and the d ipo le moment i s equal t o the vector sum of the 
two subst i tuent groups, as i n the Cg^^X se r ies . 
The d ipo le moments of some o f the compounds i n 
4. 1<3 
series I I had been measured before , * 7 but not i n carbon 
t e t r a c h l o r i d e which was the solvent used i n a l l determin-
a t ions . I t i s normally accepted t h a t use o f the same 
solvent and condi t ions provides a sound basis f o r the com-
parison of d i p o l e moment values . Benzene i s the solvent 
most f r equen t l y used i n d ipole moment determinations, but 
t h i s could not be used f o r these measurements because i t 
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forms TT-complexes w i t h po lyf luoro-a romat ic compounds. 
Carbon t e t r a c h l o r i d e was used because of i t s good solvent 
p roper t i e s , n o n - p o l a r i t y , and the l i k e l i h o o d of no i n t e r -
act ion r between the halogen atoms of the solvent and so lu te . 
Values f o r the A.I'.CgH^.X ser ies ( H I ) were also 
obtained by vector c a l c u l a t i o n , using values f rom tables 
f o r the 4 - ( C - l ) bond moment and the X group moment, as a 
check on the measured values of series I I . Where t h e 
d ipole axis i s ac t ing at an angle t o the r i n g , the angle 
values used were those used by Smith i n s i m i l a r c a l c u l -
a t ions . 
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I t was then decided t o prepare, and measure the 
d ipo le moments o f , t h e 2,3,5,6-H.GgP^.X ser ies ( IV) i n order 
to examine the e f f e c t of 2 ,3 ,5- and 6 - f l u o r i n e atoms on an 
X subst i tuent when no 4 - f l u o r i n e atom i s present . The 
2- and 3-(C-F) bond moments w i l l cancel w i t h the 5- and 6-
(C-E) bond moments and the d ipo le moment w i l l be the vec tor 
sum of the 4-(C-H) bond moment and the X group moment. 
There i s some doubt as to the value and sign of the C-E 
bond moment i n aromatic molecules, but i t s value i s smal l , 
and the d ipo l e moment of CgH^X i s normally regarded as the 
group moment of X i . e . the X group moment includes t h e 
small moment of the 4-(C-H) bond. Thus the d ipole moment 
of a 2,3,5,6-H.CgP^.X compound can be regarded as the X 
group moment. This procedure i s adopted i n t h i s t h e s i s . 
Of course, when the d ipo le moment o f a p - d i s u b s t i t u t e d 
benzene i s ca lcu la ted f rom the values of two mono-substi-
t u t ed benzenes as i n ser ies I I I , any con t r ibu t ions f r o m 
the C-E bonds w i l l cancel- The values f o r the CgEjJC 
series (V) have been obtained f rom tables ^ i n order to 
provide comparative values f o r the X group moment when 
not attached t o a 2 , 3 , 5 » 6 - t e t r a f l u o r o subs t i tu t ed r i n g . 
Table I I . 1 . Di-pole Moment Results i n Debyes ( D ) . 
Series I Series I I 
Series 
..; I lKC-X/ '" ©. S. T.SSEP, P) 
-NH ? 2*85 -NHp 2»69 2*66 ( I . 50 ,48° ,CC1 4 ,25° ,0 ,196) 
-BHCH^ 3*02 
-H(CH 3 ) 2 2-52 
-NHCH3 
-N(CH 3 ) 2 
2-93 2-92 ( 1 . 6 7 , 4 1 ° , B ,25°,0,259) 
2-91 2-90 (1 -59,34° , B ,25°,0,299) 
-OH 2-11 
-OGH3 2-11 
-OH 
-OCH3 
1- 99 
2- 14 
2-29 (1 -46 ,76° ,CC1 10- 5,193) 
60° 
2-13 (1-25,76°,CC1 4 ,25°,0,254) 
-SH 1.44 -SH 1«20 
-CH 3 1-83 -CH 3 1-79 1-80 (0-35, o ° ,CCl 4 ,25° ,5 ,251) 
C 6 P 5 4S.C 6 H 4 
-NO 1.39 -NO 1-72 (3-17, 0 ° , B ,25°,0,181) 
-CN 2.34 -CN 2«67 2-57 (4 .02 , 0° ,CG1 4 ,25° ,5 ,233) 
-N0 2 I .94 -N0 2 2-69 2-55 (4-00, 0° ,CeL 4 , 25° ,0 ,183) 
-CHO I .59 -CHO 2.13 -
Series IV Series V 
2 ,3 ,5 ,6-H.C 6 I ' 4 :C 6H5 
-NH 2 L 7 4 -NH 2 1.50 
-NHCH3 I .96 
-N(CH 3 ) 2 I .54 
-NHCH3 1-67 
-N(CH 3 ) 2 1.59 
-OCH3 1-47 -OCH3 1«25 
-N0 2 3-28 -N0 2 4.00 
-CN 3*62 -CN 4.02 
CgFjH 1-34 -P 1 -45 (1«47)(1 -45 ,0° ,C-Cl 4 ,20° f 5- ,180) 
2>5 
30. 
Also measured was CgH^E - 1*47D. 
The dipole moments of Series I , I I , and IV have been 
measured experimental ly , and Series I I I has been c a l c u l -
ated by vector summation using the C-X values g iven and 
0-1(4) as 1*45D (see p . 4 f o r an example of vector 
summation). 
A l l C-X values are taken f rom McClel lan 's Dipole Moment 
Tables,^" (measured as CgH^-X). 
9 a angle between the moment anxis and the plane of the 
7 
r ingo 
S » solvent used f o r the measurement. 
T = temp;/erature °C used f o r the measurement. 
= the $> of the e leo t ron p o l a r i s a t i o n allowed f o r the 
atom p o l a r i s a t i o n . 
The series V values are those used f o r the subst i tuent 
groups C-X i n series I I I . 
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I I . 2 . Results : Trends. 
The f o l l o w i n g trends can be observed f r o m Table 
I I . 1 , ( l ) when the d ipo le moment values of the 2,3»5»6-
H.Cgl^.X series ( IV) are compared w i t h t he corresponding 
values of the C^H^X series ( V ) , and (2) when the values 
of the Cg^jjX series ( I ) are compared w i t h the correspond-
i n g values of the 4.P.CgH 4.X se r i e s : -
(1) 2,3 ,5,6-H.C 6 ]? 4 .X CgH^X 
(a) The values of the 2 ,3 ,5 f6-H.Cg]? 4 .X compounds i n which 
X has a +M e f f e c t , are greater than the values of t he 
corresponding CgH^X compounds e .g . 
2 ,3,5,6-H.C 6 E 4 .HH 2 (1.74B) >^ Gg^EHgCl-50D) by 0*24D(l6#) 
Exception: 2 ,3 ,5 ,6 -H.C 6 i« 4 .HMe 2 ( l«54) CgH5MMe2(l»59D) by 
0.05D 0¥>) 
(b) The values of the 2 ,3 ,5 ,6-H.CgI^.X compounds, i n which 
X has a -M e f f e c t , are less than the values of the cor re -
sponding CgH^X compounds e.g. 
32. 
2,3,5,6-H.C6P4.CN(3'62D) < C6H5CN(4.02D) by 0«4I>(10#) 
(c) The value of CgP^ (1*34) i s less than CgH^ (1-45) hy 
0«11D 
(2) 
i 
X 
(a) She values of the CgE^ X compounds i n which X has a 
+M effect are approxi equal to the values of the correspond-
ing ^.CgH^.X compounds. 
Exception: CgFjHMe^-52D) < C6H5HMe2(2.90D) by 0.38D(13#) 
(b) The values of the CgP^ X compounds i n which X has a 
-M effect are less than the values of the corresponding 
F^.CgH^ .X compounds e.g. 
C6I,5CN(2.34D) < 4i,.C6H4.CN(2«67D) by 0-33D (12#) 
33. 
I I . 3 . Discussion of +M Substituents i n 2.3.5.6-HC^X 
and CggX^ 
(a) 2.3.5.6-H.C^ff^.X compounds. - In the compounds i n 
t h i s series where X is NHg, NEMe» OH, etc. the substituent 
X group moments are directed towards the ring, at an angle 
to the plane of the ring, and the main contribution to the 
moment is that of the lone pair of electrons on the n i t r o -
gen or oxygen atom conjugating with the Tf -electron cloud 
of the ring and causing an increase i n TT-electron density 
at the ortho and para positions. 
We have seen that, i n general, the moment values 
for the 2,3,5,6-H.C^XC+M) series (IV) are greater than 
the corresponding CgH^X(+M) values i.e. the X group moments 
are increased when attached to the 2,3,5,6-tetrafluoro-
phenyl nucleus. I t is possible to explain t h i s by postu-
l a t i n g that the presence of ortho fluorine atoms i n the 
2t3,5,6-H.CgP^.X series would cause repulsion,by a + I-jr 
effect, of the TT-electrons donated by the (+M)X group, 
and lead to a greater concentration of TT -electrons at 
the 4-(C-H) bond (where there i s no + I i r repulsion from 
the hydrogen) without an actual increase i n the amount of 
charge movement, i.e. 
34. 
E1 3" i 1 
x+ 
11 
A 
X+ 
3? 
B 
X+ 
Jl 
it i 1 
H H H 
with very l i t t l e contribution to the resonance hybrid 
from structures A and B. Shis would mean that the same 
amount of TT -electron cloud had moved a greater distance, 
and, as the dipole moment i s a measure of the product of 
charge and distance, t h i s would lead to an increase i n 
dipole moment. 
There i s evidence t o suggest that t h i s explanation 
i s not the correct one: ( l ) During the preparation of the 
compounds studied, i t was found that the 2,3,5,6-tetrafluoro 
and pentafluoroanilines w i l l only form salts with dry HC1 
gas i n anhydrous ether and these salts are hydrolysed by 
water, i.e. the base strengths of the fluoro anilines are 
lower than that of aniline. This suggests that stronger 
resonance contributions of the type, 
+ <r2 
etc. 
35. 
occur i n polyfluoroanilines than i n aniline. 
(2) The ionisation constant of CgP^ -OH is much greater than 
that of C6H5OH (Cgl^OH: Ka- 3'0x 1(T 6; CgHjOH •» Ka -
"LO 3 ? 
1*3 x 10" ), which suggests that the anion formed when 
a phenol loses a proton i s being stabilised more effectively, 
by contributions of the type, 
0 
II 
[ I 
i n CgEjO than i n CgH50". 
etc. 
(3) CgFj-MHg requires 220° C f o r replacement of fluorine 
by HHg ^  whereas CgS^N02, where the n i t r o group i s electron 
34. 
attracting, reacts with ammonia at room temperature. 
Each of these three points suggests that, where 
substituent group X has a +M effect, there i s increased 
electron movement into the ring rather than the same amount 
of electron movement over a greater distance. There i s no 
reason why the 4-(C-H) bond should not accept increased *TT -
electron cloud and the dipole moment values of the 2,3,5»6-
tetrafluoro compounds containing +M substituents can there-
fore be explained on the basis of increased resonance with 
the ring TJ-system. 
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An alternative explanation can be suggested from a 
consideration of the strong -la inductive e f f e c t s of the ortho 
fluorine atoms. The resultant group moment of the OH group 
i n a phenol consists of a -Io" contribution, directed away 
from the ring, due to the greater electronegativity of the 
oxygen atom, and a larger contribution towards the ring, due 
to the group's +M e f f e c t . The inductive e f f e c t s of the ortho 
fluorine atoms could be considered to reduce the inductive 
contribution of the C-0 bond, without changing the amount of 
+M donation. Thus although the contribution to the group 
moment due to the +M effect of the group i s unchanged, that 
due to the -Io effect i s reduced, and the resultant group 
moment w i l l be increased. The reduction of the NO-le)., group 
moment i n 2,3>,5»6-H.CgF^.NMe2 i s considered l a t e r , 
(b) C JT_H. - The ^-(C-F) bond moment i n C^FJi can be 
regarded as the dipole moment of the molecule. The bond moment 
i s directed r a d i a l l y away from the ring and i s the resultant of 
(a) a large contribution due to the -Io" e ffect of the fluorine 
atom, and (b) a smaller contribution directed into the ring due 
to the +M effect of the fluorine atom, i . e . 
F -+F F + 
I o 
H H 
(a) (b) 
The *f-(C-F) bond moment i n CgF^H i s 1»3^D compared with 
1«^5D i n CgH^F, and th i s reduction can be explained by a decrease 
i n the inductive contribution of the ^ -fluorine atom i n Cz-F^H 
6 5 
caused by the -Icf inductive effects of the two fluorine atoms 
ortho to t h i s atom. I t i s possible to postulate an increase 
i n the +M eff e c t of the ^ -fluorine atom, which would also lead to 
a decrease i n the V-(C-F) bond moment, but the +M effect of 
fluorine i s small compared with that of the amino group, and an 
increase i n the +M effect of fluorine would have l i t t l e e f f e c t . 
The reduction of the *f-(C-Cl) bond moment i n 
CgCl^H i s much greater than that of the *f-(C-F) bond moment 
i n CgF^H (1.58D i n CgH CI to O.88D i n CgCl^H) and has been 
26 
s i m i l a r l y explained. This i s as expected, because the 
difference between the calculated and observed values for 
o-difluorobenzene has been shown to be only about 1/3 as large 
as i t i s for o-dichlorobenzene. 
(c) C^F^X compounds. - The dipole moment of a CgF^X compound 
with X a +M substituent can be regarded as the vector sum of 
the 4-(C-F) bond moment and the X group moment. I f a vector 
calculation i s made for CgF^ -NHL,, taking the ^ -(C-F) bond moment 
as 1.3to (as i n CgF^H), © as 48° as i n CgH^NI-^ 7 (6 = angle 
39. 
The NH^ and NHMe groups w i l l achieve greater resonance 
by a change i n hybridisation. The o r b i t a l s of the nitrogen 
2 
atom w i l l rearrange and move closer to sp hybridisation, i . e . 
closer to co-planarity with the ring, and the o r b i t a l containing 
the lone pair of electrons w i l l move closer to pure P thereby 
achieving increased overlap with the ring it-electron system. 
I n OH groups etc. the P o r b i t a l of the oxygen at right angles to the 
plane of the ring simply overlams to a greater extent with the 
ring n-electron system i n order to achieve increased resonance. 
By analogy with the explanation suggested for the 
+M substituents, the moment value of C^F^CH^ suggests that 
increased hyperconjugation of the methyl group also occurs 
v/hen the methyl group i s attached to the pentafluorophenyl 
nucleus i . e . using k-(C-F) = I'pifD, the expected moment i s 1*3^ 
+ 0*35 = 1«69D, whereas the actual moment of CJ^CH, i s 1«83D. 
b 5 3 
Similar r e s u l t s have been noted for polychoro 
compound of the type C^Cl^X where X = OH, CH^, and The 
26 k 
relevant dipole moment values are:- ' 
C,C1_.0H 2*1* C,HC.CH, 0.35D o 5 6 5 3 
C£C1,_.CH_, 1-55D C.HC.C_H_ 0.35D 
o 5 3 0 3 2 5 
CgCl . C ^ 1-50D JtCl.CgH^OH 2-1*fD 
C£C1_.H. 0.88D C,H._.C1 1»58D 
6 5 6 5 
The ^-(C-Cl) bond moment i n CrClJL i s O88D and the moments 
6 5 
of CgClj-.CH^ and C^Cl^.C^H^ would be expected to be about 
0*88 + 0«35 = 1*23D, whereas they are about 0-3D higher, 
and the moment of CgGl^.OH i s actually equal to that of 
^.Cl.CgH^.OH when the expected value would be much l e s s 
that t h i s on the basis of the *f—(C-Cl) bond moment i n CgCl^H. 
This suggests a s i m i l a r explanation to that proposed e a r l i e r 
for the fluoro analogues i . e . increased resonance for OH and 
increased hyperconjugation of Ctt^ and C^H^. The C-Cl bonds 
i n polychloro compounds are known to be bent out of the plane 
of the ring (see Section 1.4). This complicates the above 
calculations s l i g h t l y but w i l l not affe c t the conclusions. 
I n both the 2,3,5,6-tetrafluoro and pentafluoro 
s e r i e s , the X = NMe^  values are l e s s than the corresponding 
CgH,_NMe2 and A-F.C^ H^ NMe^  values. This i s explained by 
s t e r i c interactions between the NMe2 group and the ortho 
fluorine atoms. The fluorine atoms force the group away 
from the plane of the ring and decrease the resonance 
interaction of the group with the ring Tt-system, thus reducing 
the group moment. 
42. 
I I . 4 . Discussion of -M Substituents i n 2.3.5.6-H.CgP^ .X 
and Cgff^X. 
(a) Pluorobenzenes; 
P _ P H H * -^ -O— h * — H 
I P H H 
* v- < 1-
L34D 1«45D 
(b) M t r i l e s : 
H _ H H H 
I -^-Q->- CN H —<Q>->- CN 
H H H H 
•\ > + 2-67D 4-02D 
P __ P P P 
p p p p 
H > H > 
2«34D 3»62D 
(e) Mitro-ooiHpQunds; 
H _ H H H P -^ O^ - H°2 H 0^~~^~ N 0 2 
H E H H 
> ~* > 
2.69D 4»00D 
43. 
E E E E 
E E E E 
H > - \ > 
1«94D 3-28D 
Elg.II.2 - Dipole Moments, and Bond and Group Moment 
directions for n i t r i l e s , nitro-compounds, 
and fluorobenzenes. 
—<—D i r e c t i o n of bond and group moments which 
make contributions to the resultant dipole 
moment• 
i 1- Direction of the resultant dipole moment 
of the molecule. 
The group moments of n i t r o and n i t r i l e groups are 
directed r a d i a l l y away from the benzene ri n g and both groups 
normally have group moments of approx. 4D to which t h e i r 
- I f f and -M effects make contributions. Because of the 
si m i l a r i t i e s between these groups i t i s convenient to dis-
cuss the effects of -M substituents attached to the 2,3,5,6-
tetrafluor©phenyl and pentafluorophenyl nuclei by examination 
of the dipole moment values of compounds containing these 
groups. The relevant compounds and values are shown i n 
Eig.n.2\ 
44. 
irom Pig.II.2(b), the effect of the 2,3,5, and 6-
fluorine atoms on the n i t r i l e group i n 2,3,5,6-11.0^.01, 
-yU(C6H5CN) -yU(2,3,5,6-H.C6P4.CK) - 4-02 - 3*62 = 0-4D, 
i. e . a reduction of 0»4D i n the -ON group moment. 
iTom S*ig. 11. 2(a), the effect of the 2,3,5, and 6-
fluorine atoms on the 4-(C-E) bond i n CgE^ H, 
-^(CgH^) -yUtCgPgH) = 1*45 - 1>34 = 0-11D, 
i.e. a reduction of 0»11D i n 4-(C-P) bond moment. 
Cgl^GNcontains both a n i t r i l e group and a 4-(C-S1) 
bond affected by 2,3,5, and 6 fluorine atoms, and i t s 
dipole moment can be regarded as the vector sum of the 
n i t r i l e group moment and the 4-(C-P) bond moment. As the 
n i t r i l e and 4-(C-P) moments are directed i n opposition to 
each other, the reduction i n the n i t r i l e group moment should 
par t l y cancel the reduction i n the 4-(C-il) moment i n 
Cg3?,jCN as shown below: 
P / \ CW 
o.llD 0.4D 
and a difference of 0*4 - 0*11 » 0»29D would be expected 
for yU (4^.0^0W) - yU(g I^CN). The observed value for 
45 
Cgl^CN i s 2-34D, and the observed value of 4^.0^.CH i s 
2-67D, hence the difference 
-yU(4P.C6H4.CH) -yU(C6P5CN) = 2*67 - 2-34 - 0-33D, 
Using the calculated value of ^.CgH^.CK the difference 
«yU(4I\C6H4.ClT) -yU(C6E5CN) - 2-57 - 2*34 =» 0'23D, 
These differences have the correct sign and are of the order 
expected. I t i s possible to make the same calculations 
for the nitro-compounds: 
The effect of the 2,3,5t and 6-fluorine atoms on the n i t r o 
group i n 2,3,5,6-H.C6I,4N02 
» ^ (C 6H 5H0 2) - y U (2,3,5,6-H.C6E4.N02) - 4-00 - 3*28 
= 0.72D 
Thus, a difference of 0-72 - 0*UD - 0»61D would be expected 
fo r yl/(4.E1.CgH.N02) -yU (Cgl^NOg). The observed value 
for Cgffj-NOg is 1-94D, and hence, for the observed value 
of 421.CgH4.M02 (2 -69D) , 
yMC^.Cg^.HOg) - y K C g P 5 N 0 2 ) - 2»69 - 1-94 = 0.75D 
Using the calculated value of 4.S1.GgH4.H02 (2»55D) 
yU(4i,.CgH4.N02) -yU(Cgl 5H0 2) = 2*55 - 1-94 = 0-61D 
Again the differences have the correct sign and are of the 
46 
order expected. Thus, the differences between the observ-
ed and expected moment values f o r Cgl^X, where X is -M, can 
be calculated on the basis of the CgP^ H and 2,3,5,6-
H.Cgl^.X moment values, i.e. the effects of the 2,3,5, and 
6-fluorine atoms on the substituents are the same i n 
Cgiy: as i n CgE^ H and 2,3,5,6-H.CgI^.X. 
We suggest that, i n 2,3,5, :6-H.CgE^ .CH, the decrease 
i n the n i t r i l e group moment is caused by inductive with-
drawal of o electrons by the ortho fluorine atoms. The 
same kind of ortho inductive effects have been suggested 
earlier to explain the smaller reduction of the 4-(C-E) 
bond moment i n CgE^ H, and we conclude that the n i t r i l e 
group and 4-(C-S4) bond are si m i l a r l y affected by the 
fluorine atoms ortho to them i n Cgl^CN. 
The difference between the dipole moment values f o r 
2,3,5,6-H.Cg^.X and CgB^ X i s much greater f o r X - N02 
than for X = CW. i.e. 
yU(CgH5H02) -yH(2,3,5,6-H.Cgi,4.HG2) » 4«00 - 3-28 = 0-72D 
andyU(CgH5CN) -yW(2,3,5,6-H.Cg^.CN) - 4.02 - 3*62 - 0.4D 
even though CgH^ NOg and CgH^ CW have very close dipole mom-
ent values. This i s probably due to steric i n h i b i t i o n of 
the resonance of the n i t r o group by the fluorine atoms 
47 
ortho to i t . For maximum resonance to occur, the n i t r o 
group must "be coplanar with the ring and examination of a 
scale molecular model of CgP^ NOg shows that the oxygen atoms 
of the n i t r o group almost touch the ortho fluorine atoms, 
when the group is oriented coplanar with the ring. I t 
22 
has been suggested, i n a study of ortho effects and d i -
pole moments, that interactions between oxygen and halogen 
atoms w i l l be more strongly repulsive than those between, 
say, hydrogen and halogen atoms. The effective radius 
of a fluorine atom would therefore be larger with regard 
to the approach of an oxygen atom, and we suggest that t h i s 
causes repulsion between the ortho fluorine atoms and the 
n i t r o group, and hence steric i n h i b i t i o n of the resonance 
of the n i t r o group. Thus, inductive and steric effects 
must be postulated to explain the dipole moment value of 
W°2-
The difference between the values of 4F.CgH4.CH0 
and CgP5CHO (table I I . l ) 
=yU(4P.C6H4.CH0) -yU(CgP5CHO) - 2.13 - 1-59 - 0-54D 
This difference i s very high and suggests that ortho steric 
effects are occurring for the formyl group also. Ebcamina-
t i o n of a scale molecular model of CgP^ CHO indicates non-
coplanarity of the formyl group and confirms t h i s conclusion. 
48. 
I t has been suggested from a study of the dipole 
nitroso 
moments of p-halo and p-nitro/benzenes that the C-K-0 angle 
In nitrosobenzenes i s 180°. 
yU(4P.C6H4.W0) -yUCCgiywO) - 1*72 - 1-39 - 0-33D, 
using the calculated value for 4.E.CgH4.W0 i n table H . l . 
Assuming the C-H-0 angle i s 180°, t h i s value can be com-
pared with the corresponding difference f o r n i t r i l e s (0-23D), 
and iB of the same order. The value for CgE^ HO can there-
fore be explained on the basis of the inductive effects of 
the 2,3,5,6-fluorine atoms as i s that of C^IVCN. 
4 9 . 
I I # 5 . D i p o l e Moments and R e a c t i v i t y . 
A pheny l group can ac t as e l e c t r o n source or as an 
e l e c t r o n s i n k , depending on the c h a r a c t e r i s t i c s o f t h e 
group or groups a t t ached t o i t . I t would be expected t h a t 
t h e - I o e f f e c t s o f t h e f l u o r i n e atoms a t t ached t o t h e pen ta -
f l u o r o p h e n y l and 2 , 3 f 5 » 6 - t e t r a f l u o r o p h e n y l n u c l e i , would 
l e a d t o the removal o f e l e c t r o n s f r o m t h e n u c l e i and cause 
them t o act as e l e c t r o n s i n k s . From t h e d i p o l e moment 
r e s u l t s o b t a i n e d , we have seen t h a t t he n u c l e i do act as 
e l e c t r o n s i n k s , l e a d i n g t o ease o f e l e c t r o n movement i n t o 
t h e nucleus f o r e l e c t r o n dona t ing s u b s t i t u e n t s , and caus ing 
d i f f i c u l t y i n t h e w i t h d r a w a l o f e l e c t r o n s f r o m the r i n g f o r 
e l e c t r o n a t t r a c t i n g s u b s t i t u e n t s . 
The r e a c t i v i t y o f a Cgl^X compound, towards n u c l e o -
p h i l i c replacement o f f l u o r i n e , depends on t h e d i f f e r e n c e 
i n s t a b i l i t y between t h e r e a c t i o n i n t e r m e d i a t e (see F i g . I I . 1 ) 
and the ground s t a t e o f t h e CgF^X compound. The ground 
s t a t e s t a b i l i t y o f a CgF^X compound depends on i t s ground 
s t a t e e l e c t r o n d i s t r i b u t i o n which Burdon ^ has termed t h e 
e l e c t r o n d e f i c i e n c y because of t h e e l e c t r o n - s i n k e f f e c t o f 
t h e f i v e f l u o r i n e atoms, e . g . CgF^H i s more s t a b l e t h a n 
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CgEg -' because i t has l e s s e l e c t r o n e g a t i v e f l u o r i n e sub-
s t i t u e n t s and i s t h e r e f o r e l e s s e l e c t r o n d e f i c i e n t . When 
50. 
s u b s t i t u e n t X has a +M e f f e c t we would expect t h e e l e c t r o n 
d o n a t i o n i n d i c a t e d by the d i p o l e moment r e s u l t s , t o reduce 
t h e e l e c t r o n d e f i c i e n c y o f t he r i n g , thus i n c r e a s i n g t h e 
ground s t a t e s t a b i l i t y and decreas ing t h e r e a c t i v i t y t o -
wards n u c l e o p h i l i c replacement o f f l u o r i n e . We would 
t h e r e f o r e expect GgE^UHg, f o r example, t o be more s t a b l e , 
i . e . l e s s r e a c t i v e , t h a n C g l g , and t h i s i s f ound t o be t h e 
33 
case . S i m i l a r l y , when X has a s t r o n g e r e l e c t r o n 
a t t r a c t i n g e f f e c t t h a n f l u o r i n e we would expect t h e r e -
a c t i v i t y o f C^E^X towards n u c l e o p h i l i c replacement o f 
f l u o r i n e t o be g r e a t e r t h a n c g F g « A g a i n , t h i s i s f o u n d 
t o be t h e case, e . g . CgE^NOg i s c o n s i d e r a b l y more r e a c t i v e 
t h a n C 5 ^ 5 » ^ ' ^ w © have suggested t h a t when s u b s t i t -
uent groups w i t h +M e f f e c t s are a t t ached t o a p e n t a f l u o r o -
pheny l nuc l eus , t h i s e l e c t r o n d o n a t i o n i s i nc rea sed , w i t h 
t h e 4-(C-J?) bond as presumably the main r e p o s i t o r y , and 
t h i s i s impor tan t i n v i ew o f p resen t t h e o r i e s concern ing 
n u c l e o p h i l i c s u b s t i t u t i o n r e a c t i o n s i n p o l y f l u o r o aromat ic 
systems. 
I n an a n a l y s i s o f the ground s t a t e and spec t roscop ic 
evidence o f t h e d i f f e r e n t i n d u c t i v e and mesomeric e f f e c t s 
o f t h e ha logens , Redder e t . a l . ^ q u e s t i o n t h e assumption 
t h a t i n d u c t i v e e f f e c t s are n e c e s s a r i l y t h e same f o r s a t u -
5 L . 
r a t e d and u n s a t u r a t e d systems, and show how spec t roscop ic 
evidence i n d i c a t e s t h e presence o f a + I T T e f f e c t f o r the 
halogens (see S e c t i o n 1 . 2 ) . Burdon has used t h i s c o n c e p t 
t o r a t i o n a l i s e n u c l e o p h i l i c s u b s t i t u t i o n r e a c t i o n s i n p o l y -
f l u o r o , p o l y c h l o r o , and p o l y f l u o r o p o l y c y c l i c a r o m a t i c s , ^ 
e x p l a i n i n g o r i e n t a t i o n s o f t h e replacement o f f l u o r i n e i n 
12 
a s e r i e s o f t e t r a f l u o r o b e n z e n e s "by sugges t ing t h a t t r a n -
s i t i o n s t a t e c o n t r i b u t o r [ i ] i s more s t a b l e t han [ i i ] : -
OMe 
[ i ] [ i i ] 
i . e . t h a t carbon b e a r i n g a n e g a t i v e charge i s l e s s s t a b l e 
when i t i s a t t ached t o f l u o r i n e t h a n when i t i s a t t ached 
t o hydrogen. For t h e k i n d o f resonance e f f e c t p o s t u l a t e d 
e a r l i e r t o exp la ine t h e d i p o l e moment r e s u l t s of C g ^ ^ 
compounds i n wh ich X has a +M e f f e c t , t o t ake p l a c e , t he 
+ 1 ^ e f f e c t cannot be t h e most i m p o r t a n t e f f e c t i n t h e 
ground s t a t e , as TT-e lec t rons would be r epu l sed by t h e 
4 - ( C - I 1 ) bond i f i t was. ^he q u a n t i t y of e l e c t r o n c l o u d 
which the 4-(C-:F) bond i s r e q u i r e d to accept i n t h e ground 
s t a t e i s much l e s s t h a n t h a t o f the e l e c t r o n p a i r set f r e e 
52. 
"by t h e f o r m a t i o n o f t he bond between t h e n u c l e o p h i l e and 
t h e carbon atom, which the 4-(C-Jf) bond i s r e q u i r e d t o 
accept i n c o n t r i b u t o r [ i i ] f o r example, and i t i s l i k e l y 
t h a t * + 1 IT e f f e c t o f the f l u o r i n e w i l l be more impor tan t 
i n t h e l a t t e r case, and the l a r g e r charge w i l l be r e p e l l e d . 
Dewar ^ has suggested t h a t IT- i n d u c t i v e e f f e c t s are more 
impor t an t i n e x c i t e d s t a t e s o f molecules t h a n i n t h e i r 
ground s t a t e s which c o n f i r m s t h i s s u g g e s t i o n . 
The d i p o l e moment va lues o f CgP^NMe2 and: 2 ,3,5,6-
H.CgS^.HMeg have been e x p l a i n e d by s t e r i c i n h i b i t i o n o f t h e 
resonance of t h e MMeg g roup , whereas no s t e r i c e f f e c t s a re 
i n d i c a t e d by t h e d i p o l e moment va lues o f t h e cor responding 
compounds c o n t a i n i n g HHg and MHMe g roups . As e l e c t r o n 
d o n a t i o n by s u b s t i t u e n t groups w i t h +M e f f e c t s i s d i r e c t e d 
t o t h e o- and p - p o s i t i o n s of a p e n t a f l u o r o p h e n y l nuc leus , 
we would expect t h a t Cgl^X compounds c o n t a i n i n g these groups 
would be d e a c t i v a t e d i n o- and p - p o s i t i o n s towards t h e 
approach o f a n u c l e o p h i l e . The tendency should t h e r e f o r e 
be f o r t h e n u c l e o p h i l e t o r e p l a c e f l u o r i n e a t t h e m - p o s i t i o n 
i . e . a s t he d e l o c a l i s a t i o n o f t h e l o n e p a i r i nc reases , t h e 
m / p r a t i o f o r replacement o f f l u o r i n e w i l l i n c r e a s e , and t h e 
r e a c t i v i t y o f t h e molecule towards n u c l e o p h i l e replacement 
o f f l u o r i n e w i l l decrease. The m/p r a t i o f o r 
53. 
Cg^MHg : Cg]p,-HHMe : CgiE^MMeg i s 7 : 1 : 0 * 0 7 . 3 7 Thus, 
a l t h o u g h , as expected, CgEj-HMeg i s t h e more r e a c t i v e , 
Cgff^HHMe i s d i s t i n c t l y more r e a c t i v e t h a n Cgl^HHg, w h i c h 
would no t be expected on the b a s i s o f t he ground s t a t e 
s t a b i l i t y o f these molecu le s . The r e d u c t i o n i n i n t e n -
s i t y £ m g ( X i n g o i n g f r o m Cgl^NHg t o CgE^KHCH^ and 
CgEj-NCCH^g i n t he u l t r a - v i o l e t s p e c t r a r e s u l t s i n t a b l e 
I I . 2 A has been i n t e r p r e t e d as showing t h a t t h e - H ( C H ^ ) 2 
37 
group i s h inde red t o a l e s s e r e x t e n t . 
/.max* mM 9 emax* 
G6^5m2 2 1 5 18,000 
CgE^HHCH^ 225, 217 16,800 
C g E 5 H ( C H 3 ) 2 217 10,000 
Table I I . 2 A . 
+ 
Por CgH^MH^ which cannot back-donate e l e c t r o n s , and f o r 
Cgl^HHg, which can, t h e wavelengths and i n t e n s i t i e s have 
been ob t a ined f o r bands I I and I I I of t he benzene spectrum 
38 
w i t h CgHg va lues f o r comparison and are shown i n Table 
I I . 2B. 
54 
x 
Band I I Band I I I * 
/(max' ^ C-T7.AT Amax' ^ 6max 
C 6 H 5 MH 2 230 8,600 280 1,430' 
C 6 H 5 H H 3 203 7,500 254 160 
C 6 H 6 203-5 7,400 254 204 
40 
Brattde n o t a t i o n 
Table I I . 2 B . 
From t h e i n t e n s i t y and wave length va lues quoted i t 
can be seen t h a t t h e t a b l e I I . 2 A f i g u r e s r e l a t e t o band I I 
o f t h e benzene spectrum. I n t e n s i t y changes have been 
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used p r e v i o u s l y t o show s t e r i c h indrance o f resonance 
i n o r t h o a l k y l a t e d a n i l i n e s , though n o r m a l l y a decrease i n 
band I I I i n t e n s i t y and hypsochromic s h i f t s i n wavelength 
f o r bands I I and I I I are used t o i n d i c a t e t h e disappearance 
+ 
o f resonance, e . g . CgH^MH^ shows a n i n e - f o l d i n t e n s i t y de-
crease f r o m GgHjJSEg, and s h i f t s t o t h e b l u e o f 27 ayU i n 
band I I and 16 nyU i n band H I . An examina t ion o f t h e 
band I I I f i g u r e s f o r CgS^HHCB^ e t o . m a y t h e r e f o r e be o f 
v a l u e . Changes i n a b s o r p t i o n f requency and i n t e n s i t y can 
be a t t r i b u t e d t o a change i n the ground e l e c t r o n i c s t a t e , 
a change i n t h e upper e l e c t r o n i c s t a t e , or a combina t ion 
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o f t he t w o . I f i t i s accepted t h a t t h e i n t e n s i t y change 
i n hand I I f o r Cgl^lffig/CgE^HHCH^ does i n d i c a t e some s t e r i c 
i n t e r a c t i o n t h e n f o r Cgi^UHCH^ t h i s i s l i k e l y t o be due t o 
a change i n t h e upper e l e c t r o n i c s t a t e as t h e d i p o l e moment 
va lues ob t a ined i n d i c a t e no s t e r i c i n t e r a c t i o n i n t h e 
ground s t a t e . 
PARI I I 
CHAPTER I I I ; RESULTS AMD EZPMMMTAL 
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I I I . l I n t r o d u c t i o n . 
When a molecule i s s u b j e c t e d t o a u n i f o r m e l e c t r i c 
f i e l d i t w i l l become p o l a r i s e d . Th i s p o l a r i s a t i o n i s 
made up o f th[eeindependent c o n t r i b u t i o n s as f o l l o w s : -
1 ) The f i e l d d i s p l a c e s t h e e l e c t r o n s w i t h r e g a r d t o t h e 
nucleus g i v i n g r i s e t o an induced d i p o l e moment. Th i s 
i s c a l l e d the ELECTRON POLARISATION ( E . P . ) . 
2) I f t h e molecule con t a in s p o l a r bonds, i t s c o n s t i t u e n t 
atoms w i l l c a r r y d i f f e r e n t e f f e c t i v e charges , and i n an 
e l e c t r i c f i e l d t h e n u c l e i w i l l be d i s p l a c e d r e l a t i v e t o 
one ano ther . T h i s i s known as ATOM POLARISATION ( A . P . ) 
and i s much s m a l l e r t h a n e l e c t r o n p o l a r i s a t i o n . Bo th 
A . P . and E.P. are t empera ture independent . 
3) Molecules w i t h a permanent d i p o l e moment w i l l t e n d t o 
o r i e n t a t e themselves a long t h e f i e l d bu t t h i s tendency 
w i l l be opposed by t h e r m a l m o t i o n s . T h i s i s c a l l e d t h e 
ORIENTATION POLARISATION ( O . P . ) . and i s t empera ture depend-
e n t . 
4) The t o t a l p o l a r i s a t i o n o f t h e molecule i s the sum o f 
these t h r e e t e rms , i . e . 
TP = OP + AP + EP 
The sum o f (AP + EP) i s sometimes c a l l e d t h e d i s t o r t i o n 
p o l a r i s a t i o n . 
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I I I . 2 . C a l c u l a t i o n o f E l e c t r i c D i p o l e Moments. 
( l ) The f o l l o w i n g e q u a t i o n , due t o Debye, r e l a t e s t h e 
t o t a l p o l a r i s a t i o n ( T P ) t o t he molecu la r d i p o l e moment, 
i f 
3 V" 3kl 
# M T P = i n f X + BP + AP + OP m a 
6 + 2 a   kTy 
M » molecu la r w e i g h t , d = d e n s i t y , N - Avogadro*s number, 
k = Boltzmann c o n s t a n t , T = abso lu t e t empera tu re , £ = 
d i e l e c t r i c c o n s t a n t , ^•TTNX' r ep re sen t s t h e p o l a r i s a t i o n 
a molecule would have i n the absence o f a permanent d i p o l e 
and t h i s may be d i v i d e d up i n t o atom p o l a r i s a t i o n and 
e l e c t r o n p o l a r i s a t i o n ; ^ U / U /9kT i s an express ion f o r 
t h e o r i e n t a t i o n p o l a r i s a t i o n , i . e . 
2 
OP 
hence, JJ-
4TTN/U' 
9kl 
OP 
4TTH 
and a t 25 C, JLL- 0«2212 <^02 H I . 2 
Thus, t h e molecu la r d i p o l e moment i s ob ta ined by s u b s t i -
t u t i n g t h e v a l u e o f t h e o r i e n t a t i o n p o l a r i s a t i o n i n 
equa t ion I I I . 2 . 
(2) The e l e c t r o n p o l a r i s a t i o n ( E P ) o f a molecu le i s equal 
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t o i t s molar r e f r a c t i o n R ( e x t r a p o l a t e d t o v e r y low f r e -
quency) , i . e . 
2 
R = n " 1 . M «. EP. n = r e f r a c t i v e 
n 2 + 2 d i n d e X ' 
(3 ) There i s no e x p e r i m e n t a l way o f o b t a i n i n g t h e atom 
p o l a r i s a t i o n (AP) o f a molecule t h a t i s s imple enough f o r 
r o u t i n e use . F o r t u n a t e l y t h e AP i s sma l l and i s approx. 
5-10$ o f t h e magnitude o f EP. Eor some t i m e t h i s r e l a -
t i o n s h i p was w i d e l y used to e s t ima te AP. Today most 
workers p r e f e r t o neg l ec t AP, s ince EP, as de termined f r o m 
t h e r e f r a c t i v e index f o r t h e sodium D - l i n e i s s e v e r a l per 
cent l a r g e r t h a n t h e e x t r a p o l a t e d ze ro - f r equency v a l u e 0 
The D - l i n e molar r e f r a c t i o n i s commonly used as an a p p r o x i -
ma t ion f o r AP + EP and t h i s i s the procedure used i n t h i s 
t h e s i s . 
( 4 ) The express ion f o r t h e p o l a r i s a t i o n o f a s o l u t i o n , 
due t o Debye i s : -
<f - 1 M , f , + M o f 0 
P = P , f , + P 9 f 0 - . — H I . 3 -
11 <£ <i t + 2 a 
where P 1 P 2 f^_ and f 2 a re t h e t o t a l p o l a r i s a t i o n s and mole 
f r a c t i o n s o f s o l v e n t and s o l u t e r e s p e c t i v e l y . 
4 1 
H a l v e r s t a d t and Kumler used s p e c i f i c volumes 
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i n s t e a d o f d e n s i t i e s and we igh t f r a c t i o n s i n s t e a d o f 
mole f r a c t i o n s . By assuming t h a t t h e s p e c i f i c volume 
and d i e l e c t r i c cons tan t o f t h e s o l u t i o n are l i n e a r f u n c t -
ions o f t h e weigh t f r a c t i o n ( i . e . 6 - a + W: and 
V • b + {I W ; w h e r e a and b are t h e d i e l e c t r i c cons tan t 
and s p e c i f i c volume o f t h e s o l v e n t , W.: i s t h e w e i g h t 
f r a c t i o n o f t h e s o l u t e ) , t h e y d e r i v e d an express ion f o r 
t h e s p e c i f i c t o t a l p o l a r i s a t i o n a t i n f i n i t e d i l u t i o n o f 
t h e s o l u t e ^ 2 S " 
P 0 - - ± 5 + (7_ + G ) i n . 4 
2 ( e x + 2 ) 2 e x + 2 1 ] 
By p l o t t i n g £. aga ins t W£ and V aga ins t Wa, o< and ^ 
may he e v a l u a t e d . 
I n a s i m i l a r manner t h e e l e c t r o n p o l a r i s a t i o n 
Bp2 can be expressed a s : -
2 6 ^ n 1 V 1 n£ - 1 
^ 2 " (n j + 2 ) 2 + n T T l - 1 + f > 
T T T r-
where t h e assumption i s made t h a t n - n ^ + ^Wg where n ^ 
i s t h e r e f r a c t i v e index o f t he s o l v e n t . 
To o b t a i n d i p o l e moments by measurements on s o l u -
t i o n s , t h e d i e l e c t r i c c o n s t a n t , r e f r a c t i v e i n d e x , and den-
s i t y , o f a number o f s o l u t i o n s must be de t e rmined . By 
61 
p l o t t i n g 6 , v , and n , aga ins t W 2 , o b t a i n i n g oC , , 
and )( , f r o m t h e graphs , and f i t t i n g them i n t h e equa-
t i o n s , t h e n t h e t o t a l p o l a r i s a t i o n and e l e c t r o n p o l a r i s a -
t i o n o f t h e compound be ing s t u d i e d may be o b t a i n e d . At 
l o w c o n c e n t r a t i o n s (W 0»02) t h e p l o t s are u s u a l l y 
v e r y c lose t o s t r a i g h t l i n e s , ^ and l i n e a r p l o t s o f n 
aga ins t Wp may be ob ta ined a t s t i l l h i g h e r c o n c e n t r a t i o n s . 
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I I I , 3 . P h y s i c a l Measurements. 
(a ) D i l e c t r i c Constant Measurements. Carbon t e t r a 
c h l o r i d e was used as t he s o l v e n t i n a l l d e t e r ™ n a t i o n s and 
t h e d i e l e c t r i c cons tan t s o f a i r ^ ) and carbon t e t r a -
c h l o r i d e ( ^ g ) were assumed t o be known. The p r i n c i p l e 
used was the measurement o f t h e change i n capac i tance 
wh ich occu r red when the d i e l e c t r i c o f a condenser was 
changed. 
The condenser was t h e c e l l ( F i g . I I I . l ) , t h e d i -
e l e c t r i c o f which c o u l d be changed e a s i l y by b l o w i n g out 
w i t h d r y n i t r o g e n and r e p l a c i n g w i t h t h e r e q u i r e d s o l u -
t i o n . I f £ j i s t h e d i e l e c t r i c constant o f the s o l u t i o n , 
and C^, Cg, and C^, t h e capaci tances o f the c e l l f i l l e d 
w i t h a i r , carbon t e t r a c h l o r i d e , and s o l u t i o n , r e s p e c t i v e l y , 
t h e n : -
A heterodyne beat capac i tance meter , s i m i l a r t o t h e one 
and 6 6i) * 6 
6n) + € ni .6 . 
R — S O C K E - T 
GONE? 
\ 
PLATE 
? L f t T l N U M WIRE 
FROM CENTRAL PLATE 
FIG-TP J. DIELECTRIC CELL 
f ig u . ^ M E A S U R i N<r,_ Sysr en_ 
\ 
64. 
designed by H i l l and Su t ton was used t o measure t h e 
capac i tance change i n t h e c e l l . The measuring system 
i s shown i n P i g . I I I . 2 . C was t h e c e l l , D an a i r - s p a c e d , 
u n o a l i b r a t e d , v a r i a b l e condenser, as was P, and M was a 
c a l i b r a t e d , c o n c e n t r i c c y l i n d e r , v a r i a b l e condenser, w i t h 
a micrometer screw, hav ing a capac i tance change o f 3*38 
p f s . per cm. S was a s w i t c h by which the c e l l c o u l d 
be r ep l aced by E and M. The c e l l was a m o d i f i e d f o r m 
o f t h e Sayce B r i s c o e t y p e ^ w i t h p l a t e s o f p l a t i n u m 
b u r n t onto t h e g l a s s i n s t e a d of depos i t ed s i l v e r . T h i s 
made t h e c e l l more r o b u s t and a l l o w e d washing out w i t h 
s t r o n g a c i d i f necessary. The capac i tance was about 50 
p f s . The c e l l was immersed i n a 2 5 ° the rmos ta t b a t h 
f i l l e d w i t h t r a n s f o r m e r o i l t o reduce s t r a y capac i t ances . 
Procedure . The c e l l was washed out t w i c e w i t h carbon 
t e t r a c h l o r i d e , b l o w i n g t h e s o l v e n t out w i t h a s t ream o f 
n i t r o g e n . The c e l l was t h e n f i l l e d w i t h carbon t e t r a -
c h l o r i d e , making sure t h a t any a i r bubbles were removed, 
and a l lowed t o come t o t h e r m a l e q u i l i b r i u m (19 minutes 
was u s u a l l y s u f f i c i e n t ) . E was t h e n a d j u s t e d u n t i l t h e 
f i g u r e o f e i g h t was ob t a ined on t h e cathode r a y t u b e . 
D and M were t h e n swi tched i n and t h e f i g u r e o f e i g h t 
aga in ob ta ined by ad jus tmen t . The c e l l was swi tched 
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back i n and t h e f i g u r e o f e i g h t aga in o b t a i n e d , and t h e n 
D and M swi tched i n aga in and a d j u s t e d . As changes i n 
capac i tance i n t h e c i r c u i t c o n t a i n i n g 3? and t h e c e l l 
caused s l i g h t changes i n t h e f r e q u e n c y o f t h e c i r c u i t con-
t a i n i n g 31, D, and M, and v i c e - v e r s a , i t was always neces-
sary t o a d j u s t each c i r c u i t t w i c e a t l e a s t . When a s teady 
f i g u r e o f e i g h t was ob ta ined on b o t h s ides o f t h e s w i t c h 
i n d i c a t i n g t h a t t h e capaci tances on b o t h s ides had t h e 
same v a l u e , t h e n t h e r e a d i n g on M was n o t e d . As.- M was 
c a l i b r a t e d i n cen t ime te r s i n l e n g t h (0 t o 2»5) and as t h e 
capac i tance o f M increased as t h e r e a d i n g i n cen t ime te r s 
decreased i t was always arranged t h a t when a balance was 
ob t a ined w i t h carbon t e t r a c h l o r i d e i n t h e c e l l , M should 
r ead approx ima te ly 2*4 cms. 
The carbon t e t r a c h l o r i d e was t h e n b lown out w i t h 
d r y n i t r o g e n and t h e c e l l f i l l e d w i t h t h e s o l u t i o n under 
t e s t . The process o f adjus tment was repeated but t h i s 
t i m e on ly 3? and M were a d j u s t e d so t h a t t h e change i n 
capac i tance c o u l d be read o f f on M. 
( b ) S p e c i f i c Volume Measurements. A Sprengel t y p e 
pyKjbmeter o f about 4 m l . c a p a c i t y f i t t e d w i t h ground g l a s s 
t a p s t o p revent evapo ra t i on was used . 
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Procedure . The d r y pyknometer was f i l l e d and p l aced i n 
a 25° C the rmos ta t f o r 15 m i n . The meniscus o f t h e l i q u i d 
was a d j u s t e d t o t h e g r a d u a t i o n mark by a p p l y i n g a p i e c e o f 
f i l t e r paper t o t h e t i p o f t h e oppos i t e l i m b and t h e p y k -
nometer was removed f r o m t h e t h e r m o s t a t , d r i e d w i t h t i s s u e 
paper , and t h e caps put i n p l a c e . I t was t hen hung on 
t h e balance f o r 20 m i n . t o a l l o w i t t o reach hyg rome t r i c 
e q u i l i b r i u m w i t h t h e atmosphere, and t hen weighed. 
( c ) R e f r a c t i v e Index Measurement. A P u l f r i c h R e f r a c t o -
meter w i t h a d i v i d e d c e l l , which was cemented by s i l i c o n e 
r u b b e r , was used . The r e fTac tome te r was enclosed i n a 
25° C a i r the rmos ta t which c o n s i s t e d o f a l a r g e box 
( 2 x 2 x 2 f t . ) f i t t e d w i t h a g l o v e and a t e r y l e n e window 
t h r o u g h which read ings cou ld be t aken and one c o u l d see 
t o make adjus tments w i t h o u t opening the box . The box 
was heated by an e l e c t r i c a l sheet hea te r p l aced d i r e c t l y 
i n f r o n t o f a f a n . The tempera ture was c o n t r o l l e d by 
an a/c b r i d g e t h e r m o - r e g u l a t o r w i t h a p l a t i n u m r e s i s t a n c e 
thermometer as t h e arm o f t he b r i d g e i n s i d e the box . 
Temperature d i f f e r e n c e s i n p a r t i c u l a r p laces d i d n o t v a r y 
by more t h a n 0 . 1 ° C. 
Procedure . The s o l u t i o n was p laced i n one s i de o f t h e 
d i v i d e d c e l l and carbon t e t r a c h l o r i d e i n the o t h e r . A 
po ly thene cap was p l a c e d over t h e t o p o f t h e c e l l t o p reven t 
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e v a p o r a t i o n and t h e l i q u i d s a l l o w e d t o r each t h e r m a l 
e q u i l i b r i u m ( u s u a l l y t a k i n g about 20 m i n . ) . The e x t i n c t -
i o n angles were read o f f f r o m t h e r e f r a c t o m e t e r , and t h e 
d i f f e r e n c e s ob t a ined by s u b s t r a c t i o n * A s d i f f e r e n c e s r a t h e r 
t han abso lu t e r e f r a c t i v i t i e s were o f p r i m a r y impor tance , 
t h i s t echn ique min imised any e r r o r s which might be caused 
by tempera ture f l u c t u a t i o n s . 
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I l l . 4 C a l c u l a t i o n o f R e s u l t s . 
( l ) D i e l e c t r i c Cons tan ts . The change i n capac i tance 
i n t h e c e l l was measured on t h e c a l i b r a t e d condenser M. 
The d i e l e c t r i c constant o f carbon t e t r a c h l o r i d e was t aken 
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as 2«2280 and t h a t o f a i r 1 « 0 0 0 6 . The change i n capa-
c i t a n c e o f t he c e l l when f i l l e d w i t h a i r and t h e n w i t h 
carbon t e t r a c h l o r i d e was 28*20 p f s . , and was measured by-
connec t ing an N . P . L . c a l i b r a t e d condenser i n p a r a l l e l 
w i t h t h e c e l l and f i n d i n g t h e necessary change i n c a p a c i -
t ance t o r e s t o r e t h e balance when the d i e l e c t r i c was 
changed f r o m a i r t o carbon t e t r a c h l o r i d e . 
tfrom equa t ion 1 1 1 , 6 : -
(C-, - C p \ 
^ = 1-0006, £ 2 - 2*2280, C 2 - - 28*20 p f s . 
C q - C 2 was t h e change i n capac i tance measured on M . 
e 3 - { ^ $ 5 + l ) 1-2274 + 1.0006 
I f 1 i s t h e r e a d i n g on the condenser i n cm. , as the capa-
c i t a n c e change per cm. was 3«38 p f s . , t h e n : -
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^ / 3*?B A l t l \ 1-2274 + 1«006 
e 3 " \ 28*20 / 
d<c 1*2274 x 3*38 d l 
WT a 28*20 * dW 
| f = 0 .14711 § 
d l /dW i s t h e s lope o f t h e graph ob ta ined by. p l o t t i n g t h e 
r e a d i n g on the c a l i b r a t e d condenser aga ins t weight f r a c t i o n . 
d £ / d W corresponds t o oi i n equa t ion I I I . 4 . 
( 2 ) S p e c i f i c Volumes. The volume o f t h e Sprengel Pykno-
meter was 4*1458 m l . 
Hence S p e c i f i c volume - ^ / g ^ 8 
where Wg i s t h e weigh t o f s o l u t i o n i n t h e pyknometer. 
V - * + f W 2 - ^ 6 * 
(4»1458/Wg) 
dW2 
Thus i s the s lope o f t h e g raph o f s p e c i f i c volume 
aga ins t weight f r a c t i o n . A f t e r r e p a i r s t o t he pyknometer 
t h e volume changed t o 4*1544 m l . 
7 0 . 
(3 ) R e f r a c t i v e I n d i c e s . The r e l a t i o n s h i p "between t h e 
e x t i n c t i o n angle and r e f r a c t i v e index o f a s o l u t i o n f o r 
4.15 
t h e r e f r a c t o m e t e r had been f o u n d t o b e : - y 
1 m i n . o f arc = 1087 x 10"^ f o r t h e sodium D - l i n e . 
A p l o t o f A n v s . W gave dn/dW which corresponds t o t 
i n equa t ion I I I . 5 * 
( 4 ) T o t a l P o l a r i s a t i o n . From equa t ion I H . 4 , 
3oc\ 
d (e-L + 2)d e ± + 2 1 / 
^ 1 = 2 .2280, V 1 - 0 - 6 3 1 2 3 , 4 6 
Then TP 2 = 0-10593;* + 0-29044 (0-63123 + p ) H I . 7 , 
( 5 ) E l e c t r o n P o l a r i s a t i o n . Erom equa t ion I I I . 5 , 
6n n V, n 2 - 1 
2 ( n 2 + 2^ ( n 2 + 2) 1 / 
V 1 - 0-63123, n x - 1-45759, 4 6 ' 
Then EP 2 = 0«32450 ^ + 0-27265 (0*63123 + f>) H I . 8 
( 6 ) E r r o r and Size o f Moment. To f i n d t h e d i p o l e moment 
t h e sum o f (EP + AP) must be s u b t r a c t e d f r o m TP. I f t h e 
moment i s s m a l l l a r g e r e l a t i v e e r r o r s w i l l r e s u l t at t h i s 
7 1 . 
s t age . B r a d f o r d Thompson has c a l c u l a t e d t h e e r r o r s 
i n moment wh ich might a r i s e f r o m 1«7 m l . e r r o r i n TP or 
i n (EP + AP) f o r v a r i o u s d i p o l e moments as f o l l o w s : -
(D) E r r o r ( D ) <$> E r r o r 
0 0-29 ; 
1 0*041 4 - 1 
2 0-020 1-0 
3 0-013 0-4 
4 0-010 0-25 
He notes t h a t bo th t h e abso lu te and r e l a t i v e e r r o r s i n -
crease as t h e moment fdcoreases. 
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I I I . 5 . R e s u l t s . 
Specimen o f R e s u l t s and C a l c u l a t i o n f o r P e n t a f l u o r o n i t r o -
benzene. OgP^BOg. 
Making up of S o l u t i o n s . 
1 ) w t . o f f l a s k 40-2224 41*3138 31-9376 37«9856 
2) w t . o f f l a s k + C 6 E 5 W0 2 40-3272 41-5194 32-2301 38-3878 
3) w t . o f f l a s k + CgEj lK^ 
+ CC1 4 80-5092 81-5025 72-5636 78-5183 
4) w t . o f C g l ^ O g 0-1048 0-2056 0-2925 0-4022 
5) w t . o f Cgl^NOg + GC1 4 40-2868 40-1887 40-6260 40-1305 
6) we igh t f r a c t i o n 0-002601 0-005116 0-007200 0-00992; 
S p e c i f i c Volume Measurements. 
1) w t . o f pyknometer + 
s o l u t i o n 27-1824 27-1828 27-1832 27«1836 
2) w t . o f pyknometer 20-5856 20-5856 20-5856 20-5856 
3) w t . o f s o l u t i o n 6-5968 6-5972 6-5976 6-5980 
4) s p e c i f i c volume 0-628456 0-628418 0-628380 0-62834J 
D i e l e c t r i c Constant Measurements. 
1 ) zero r e a d i n g (cm.) 2-385 2-385 2-385 2-385 
2) s o l u t i o n r e a d i n g (cm.) 2-322 2-265 2-217 2-155 
3) A o (cm.) 0-063 0-120 0-168 0*230 
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R e f r a c t i v i t y Measur ements. 
The read ings are i n minutes and seconds o f arc measured 
on t h e P u l f r i c h Ref Tactometer f o r t he Sodium D - l i n e . 
1) chr.nge i n angle 55" 2*00" 2* 50" V 50" 
2) 10* A n 997 2174 3080 4167 
Prom t h e graphs (see p , 73«i,t>,c):-
H - * " 3-4350, f j = y3 - - 0-0154, |g - *T - 0-04167 
Prom equa t i on I I I . 7 : -
TP 2 = M [0-10593c*r + 0-29044 (0-63123 +ft ) ] 
- 213-07 [0-10593 x 3-4350 + 0-29044 ( 0 - 6 1 5 8 3 ) ] 
» 115-64 m l . 
Prom equa t ion I I I . 8 : -
EP 2 - M [0 -32450^ + 0-27265 (0-63123 + ^ ) ] 
- M [0-32450 x 0-04167 + 0-27265 ( 0 - 6 1 5 8 3 ) ] 
° 38-66 m l , 
0 1 2 =• T £ 2 ' m 2 a 115-64 - 38-66 = 76-98 m l . 
JU = 0-2212 V 76-98 
jd = 1-94 P. 
2S°C. 
Q*O0f G'QQt 
FK«tTit)N 
V O L U M E vs 
- Q> OOP Oil 
SPECIFIC 
Youi HE 
O-438340 
HOz m CCW at 2S°C. 
R E A C T I V I T Y VS. F R A C T I O N 
kooo 
(ooo 
0<oio 
FRACTION: 
74, 
1 0 6 ff V 1 0 7 A n 
2826 0'628504 725 
4601 0-628523 1268 
8087 0-628561 2174 
10481 0-628590 2899 
§ ? ' 8-4691 g - 0-011 | S - 0.02718 
TP 2 - 198 .41 m l . EP 2 - 33-67 m l . J\k » 2-85D. 
1 0 6 W V_ 1 0 ^ A n 
2382 0-628504 815 
4724 0-628513 1721 
7096 0-628532 2536 
9445 0-628552 3352 
H = 1-8904 g = 0 . 6 0 7 1 dg „ 0 . 0 3 5 3 3 
TP 2 - 76-00 m l . EP 2 = 36-56 m l . yU - 1.39D. 
1 0 6 w 
2152 
5505 
8161 
9675 
V 
0.628647 
0*628799 
0-628914 
0*62900 
-1449 
-3261 
-4620 
-5797 
| | - 1.7653 £ = 0-0436 |g - - 0-05975 
T P 2 = 64-37 m l . 
^ 5 ^ 3 
10 6W 
2475 
5749 
7686 
10045 
EE, 27-66 m l . 
V_ 
0-628647 
0-628865 
0*629009 
0*629172 
1-34D. 
1631 
3714 
4892 
6431 
| | = 4-4280 g - 0-068 B - 0-06431 
T P 2 o 133-15 m l . 32P2 - 41-90 m l . U «- 2-11J) 
106W V 10^ A n 
2865 0*628656 634 
4615 0*628761 1087 
7498 0-628914 1721 
9412 0.629028 2265 
8-8634 - 0.0484 |g = 0-02355 
223-98 m l . EP 2 » 38-03 m l . » 3- 02D. 
CH3 
i 7-
1Q°W V 10^ A n 
2730 0-628742 1993 
4847 0-628904 3533 
7662 0-629124 5707 
9862 0-629286 7337 
3-6438 ay. m 0 . 0 7 7 8 ag o 0 . 0 7 4 2 8 
107-87 m l . EP 2 - 39.59 m l . LI = 1-83D. 
106W V lO^A n 
2537 0*628494 1268 
4060 0-628494 2174 
7513 0*628494 3805 
9774 0-628494 5073 
§ - 4 - 7 2 2 2 £ - 0 f g = 0.05163 
T P 2 - 125-82 m l , EP 2 = 34«76 m l . Ji\ = 2-11D. 
106W V_ 1Q 7 A n 
2660 0-628590 1268 
5015 0-628685 2355 
7451 0.628785 3442 
9877 0-628876 4620 
H - 5-5166 g » 0-0384 g - 0-04710 
T P 2 . 150-39 m l . EP 2 » 38.20 m l . kJl = 2 .34D. 
106W V l O ^ A n 
2578 C628761 815 
4827 0*629018 1449 
7571 C629277 2174 
9735 0.629487 2808 
£ £ - 5-7667 g - 0-1026 § £ - 0-02899 
TP 2 » 173-98 m l . EP 2 « 44.23 m l . /J - 2-52D 
106W V 10% n 
2176 0-628513 181 
4332 - 272 
7174 0-628523 453 
9907 0-628542 544 
5366 0-628523 
3£ - 1-9235 j g - 0-0045 | g 9 0.00616 
TP 
2 = 77-71 m l . EE2 = 35.08 m l . J d ° 1-44D 
79. 
CJPJJHQ 
106W V 10^& n 
1199 0.628494 453 
3002 0*628494 906 
4435 0*628475 1268 
5093 0*628475 1449 
H = 2 ' 4567 g - 0.003 f § - 0-02898 
TP 2 - 87*15 m l . BP2 3 3 5 ' 7 5 1 1 1 1 0 yU - 1-59D 
2 ^ t 5 l 6 ^ H T C 6 g 4 A M 2 
106W V l O ^ A n 
2716 0*628761 181 
5682 0*628761 362 
7301 0.628895 453 
9313 0*628981 634 
| | - 3-3982 g - 0-0518 g - 0-00652 
TP 2 = 92-19 m l . EP2 » 31.10 m l . yU - 1. 74D 
2 .3 .5 .6 -H.C £ P 4 .N0 2 
106W V lO^A n 
2318 0*628552 815 
5074 0*628590 1540 
7379 0*628628 2174 
9427 0*628666 2718 
f § - 10*640 §E = 0*0183 f g - 0-02971 
TP 2 » 256.67 m l . EP2 = 36-43 m l . yU = 3.28D 
2 t ? ,9 t 6-H t C 6 a 4 gjSf l 2 
106W V 10 i 74 n 
1331 0-628694 91 
2893 0.628933 181 
7652 0*629621 362 
9341 0.629860 453 
S§ ° 2 ° 2 3 6 1 & = °' 1 4 5 H = °* 0 0 4 8 1 
TP 2 = 89*30 m l . EP2 = 41*18 m l . - 1.54D 
2 . 3 . 5 . 6 - H . C ^ . M I e . 
1Q6W V 10^4 n 
1171 0.628599 0 
2147 0-628685 0 
4347 0*628904 91 
6057 0-629152 181 
% ' 4.0308 g - 0.095 f g - 0.00272 
TP 2 = 114.27 m l . EP2 - 35*63 m l . yU » 1-96D 
4-g.C 5H 4 .0Me 
106W V lO^A n 
3072 0.629324 - 997 
5896 0.630128 -2084 
7507 0*630550 -2536 
10678 0-631452 -3714 
H " 6-7229 - 0-2756 £B = - 0-03442 
I B 2 8 3 123*03 m l . EPg . 29-77 m l . yU » 2.14D 
106W V 10' 7 ^ n 
2549 0-629439 - 272 
5292 0-630473 - 544 
7421 0*631298 *» 815 
9575 0.632097 -1087 
H - 5-4136 H = 0-3756 §S . . 0.01087 
EP 2 = 9 5 , 3 4 1 1 1 1 • ^ 2 = 2 9 ' 8 4 1 3 1 • 1*79D 
4-J.C' c H 4 .0H. 
106W V 1 0 ^ n 
2877 0.628940 1540 
5840 0.629550 3352 
8251 - 4710 
9704 0.630415 5435 
7527 0-629932 
10044 0-630391 
fg- 6.5170 g . 0-208 .0-05652 
TP 2 = 104«72 m l . M>2 - 23*60 m l . = 1-99D 
2 , 3 , 5 , 6 - H . C ^ C J L 
106W V 10!^A 
2713 0.628607 997 
4148 0*628911 1449 
6872 0*629035 2355 
9792 0-629302 3080 
H - 1 4 - 3 7 3 S " 0-100 g « 0-03261 
I P 2 " 303-77 m l . EE 2 - 36*76 m l . yU - 3* 
2 . 3 . 5 . 6 - H . C ^ . Q M e . 
1 0 6 W V 
62D 
2650 0-629575 1178 
5255 0-628797 2265 
8001 0'629092 3442 
8666 0-629140 3805 
f | = 2-3390 §2 - 0-0935 $g = 0-04348 
TP 2 = 82-54 m l . EPg = 38-13 m l . M= 1-47D 
106W V lO^A n 
2940 0*629515 - 181 
5428 0«630387 - 362 
7635 0'631202 - 634 
10137 0«632078 - 815 
§ | - 4-1706 g - 0-357 fg - - 0-00725 
SP0 *> 70-04 m l . B£0 = 25*67 m l . JJ[ = 1»47D 
106W V 10 f 7A n 
2694 0.628626 1812 
4712 0-629964 3352 
7452 0«629216 5345 
9212 0.629407 6613 
H " 9-5622 % = 0-1164 - - 0-07156 
'^2 a 173-57 m l . EP2 » 25'49 m l . Jj( 2.69D 
85. 
106W V . 10* A n 
2162 0*628712 1540 
5480 0*629474 3714 
8485 0-630132 5888 
9619 0*630391 6884 
E " 6 ' 7 0 8 2 ^ » 0 , 2 2 4 £ 3 = " 0*07029 
133) TP 2 = 119-03 m l . EP2 - 26-11 m l . yU = 2. 
4 . ^ - c 6 H 4 ^ g 2 
l O 6 ^ 7 lO^A n 
2582 0-628902 2899 
5424 0-629655 5797 
8013 0-630305 8424 
9310 0-630620 9874 
| | - 12-063 g - 0.256 - - 0.1027 
TP 2 B 170-63 m l . EP2 - 23-18 m l . J[A =» 2.69D 
106W V 10 / ;A n 
2062 0.628997 -1993 
4683 0*629903 -4348 
8446 0*631032 -8153 
8862 0-631176 -8424 
| | - 11-298 g - 0-302 . . Q.09511 
TP 2 » 204-29 ml . EP 2 - 31-12 m l . yU - 2-91D 
106W V lO^A n 
2904 0-628965 -3171 
5848 0-629531 -6069 
7570 0-629874 -7881 
9555 0-630333 -9693 
§ § - 1-7065 $g - 0-2064 £g „ . 0-10327 
TP 2 = 54.33 m l . EP2 = 24-97 m l . U\ = 1.20D 
4-ff.C cH 4.MHMe 
1Q6W V 10?'An 
2218 0*628883 -2265 
4518 0*629540 -4710 
5666 0*629865 -5888 
7042 0*630295 -7247 
H - 12-754 f g - 0.293 g 0-10327 
TP 2 = 202-68 m l . EPg - 27-34 m l . = 2-93D 
4-g.C 6 H 4 .CM 
106W I 1 0 ^ A n 
2395 0-629105 1449 
4430 0-629563 2174 
8304 0-630530 4348 
9868 0-630933 5435 
§ | - 11-0038 g| - 0-2445 fg . . 0-05344 
TP 2 - 171-98 m l . EP2 = 26.82 m l . yU 2-67D 
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I I I . 6 . Preparat ion and P u r i f i c a t i o n of M a t e r i a l s . 
Spectroscopic grade carbon t e t r a c h l o r i d e was used 
as the solvent i n a l l determinat ions. I t was stored over 
molecular sieve and blown out o f the storage f l a s k w i t h 
dry n i t r o g e n . 
The i n f r a - r e d spectrum of each compound was deter -
mined and agreed w i t h published data where ava i l ab le as 
d i d t h e i r melt ing po in ts and b o i l i n g points where app l i c -
able. The i n f r a - r e d spectra of new compounds and 4 - f l u o r o -
b e n z o n i t r i l e are reproduced i n the t h e s i s . Nuclear 
magnetic resonance spectra of some new compounds were 
determined and in t e rp re t ed by Mr. J . Dyson, B.Sc. 
The f o l l o w i n g compounds were ava i l ab le i n t h i s 
l a b o r a t o r y : - Cgl^NOg, CgE^NHg, C g l ^ , 2 ,3 ,5 ,6 -H.C 6 E 4 .NH 2 , 
C g H ^ . Other CgS^X compounds (except X . NHMe, NMe2, HO) 
were obtained f rom the Imper ia l Smelting Corporat ion. A l l 
4E.CgH 4.X compounds (except X = MHMe, CH) were obtained 
f rom Koch-Light . 
The f o l l o w i n g compounds were p u r i f i e d by c r y s t a l -
l i s a t i o n t o constant mel t ing p o i n t : - Cgl^HHg 3 3 m . p . 3 3 - 3 4 ° ; 
2 f 3,5 t 6 -H.Cg]r 4 .BH 2 3 3 m.p. 3 0 - 5 - 3 2 - 5 ° ; 4 .^ .C 6 H 4 .NMe 2 3 7 
m.p. 34-35*5° . 
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The f o l l o w i n g compounds were tes ted f o r p u r i t y 
by a n a l y t i c a l scale g a s - l i q u i d chromatography, fo l lowed 
by p u r i f i c a t i o n , where necessary, by preparat ive-scale 
g a s - l i q u i d chromatography, and d i s t i l l a t i o n from phosphorus 
pentoxide of those compounds which do not react w i t h phos-
phorus pentoxide:- CgI? 5 W0 2 , 3 4 b .p .159 -161°; Cgl^OMe, 4 8 
b . p . 138-140°; C g i y i e , 4 9 b . p . 116-118°; Cg l^CN, 5 0 b . p . 
190-192°; C 6 I ? 5 SH, 5 1 b . p . 144°; C ^ C H O , 4 9 b . p . 168-170°; 
Cgl^OH, 4 8 b . p . 143°; 4 - P . C 6 H 4 . N H 2 , 5 2 b . p . 186-188°; 
4 - P . C 6 H 4 . C H 0 , 5 2 b . p . 179-180°; 4-3?.C g H 4 . ]Sr0 2 , 5 2 b . p . 206°; 
4 - I ? . C 6 H 4 . S H , 5 2 b . p . 166-168°; 4-E.CgB^.OMe, 5 2 b . p . 154°; 
4 - P . C 6 H 4 . M e , 5 2 b . p . 116-118°; C g H ^ , 5 2 b . p . 8 6 - 8 8 ° . 
Pentafluoronitrosobenzene. This was prepared by the method 
53 
of Brooke e t . a l . and r e c r y s t a l l i s e d from 40-60 petroleum 
ether to constant m.p. 4 3 - 5 - 4 4 ° . 
Pentafluoro-H-methyl a n i l i n e . This was prepared by the 
method of Brooke e t . a l . J J and shown t o be pure by a n a l y t i c a l -
scale g a s - l i q u i d chromatography ( b . p . 1 6 8 - 1 7 0 ° ) . 
Pentaf luoro-N-dimethvl a n i l i n e . This was prepared by the 
method of A l l e n e t . a l . 3 7 and p u r i f i e d by preparat ive-soale 
g a s - l i q u i d chromatography ( b . p . 161 -3°) . 
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4 , - f l uo ro -benzon i t r i l e . A method previous ly used to 
convert pen ta f luoro bromobenzene t o pen t a f luo robenzon i t r i l e 
90 
was employed. 4-fluorobromobenzene (12«4 g . ) f cuprous 
cyanide (64*6 g . ) and dimethyl formamide (150 m l . ) were 
heated under r e f l u x f o r 15 h r . The s o l u t i o n was cooled, 
f e r r i c ch lo r i de (375 g . ) i n water (400 ml . ) and cone, 
hydrochlor ic ac id (80 ml . ) added* This mixture was ex-
t r a c t e d w i t h ether, the extracts d r i ed (MgSO^), and the 
ether d i s t i l l e d o f f t o g ive a whi te s o l i d , 4 - f l u o r o -
b e n z o n i t r i l e , w^ich was r e c r y s t a l l i s e d t o constant m.p. 
3 3 - 3 5 ° . 
2 . 3 . 5 . 6 - t e t r a f l u o r o a n i s o l e . ^ 4 was prepared and p u r i f i e d 
by Dr . G.M. Brooke. The f o l l o w i n g new compounds were 
prepared and p u r i f i e d . A l l gave correc t analyses: -
2 .3 .5 .6 - t e t r a f luo ro -N-me thy l a n i l i n e . Eentafluorobenzene 
C9»0 g . ) and methylamine [ d i s t i l l e d from methylamine hydro-
ch lor ide (22 g . ) and d i l u t e a l k a l i ] were heated i n a sealed 
tube at 95° f o r 18 h r . The mixture was then d i l u t e d w i t h 
water and extracted w i t h ether . D i s t i l l a t i o n o f the d r i ed 
(HgSO^) ext rac ts a f fo rded 2 ,3 ,5 ,6 - t e t r a f luo ro -N-me thy l 
a n i l i n e (7*9 g . ) b . p . 172-174° which was p u r i f i e d by gas-
l i q u i d chromatography. The I * 1 0 , n u c i e a r magnetic reson-
ance spectrum was consis tent w i t h the 2 , 3 , 5 , 6 - t e t r a f l u o r o 
s t r u c t u r e . 
2 . 3 .5 .6 - t e t r a f l uo ro -M-d ime thy l a n i l i n e . Treated as i n the 
9 1 . 
previous experiment but a t 85° f o r 16 n r . , pen ta f luoro -
benzene (5*5 g . ) and dimethylamine [ f r o m dimethylamine 
hydrochloride (16.5 g . ) ] gave 2 , 3 , 5 , 6 - t e t r a f luoro-N-dimethyl 
a n i l i n e (4*0 g . ) b . p . 1 6 7 - 7 0 ° , which was p u r i f i e d by gas-
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l i q u i d chromatography. The $ nuclear magnetic reson-
ance spectrum was consistent w i t h the 2 , 3 , 5 , 6 - t e t r a f l u o r o 
s t r u c t u r e . 
4 - f luoro-H-methvl a n i l i n e , (a) 4 - f l u o r o a n i l i n e (25 g . ) 
and p-toluene sulphonyl ch lo r ide (42*9 g . ) i n p y r i d i n e , 
were heated on a steam-bath f o r 4 h i . The mixture was 
poured i n t o wa -ter and the p-toluene sulphonate of 4 - f l u o r o 
a n i l i n e separated out and was c r y s t a l l i s e d once f r o m carbon 
t e t r a c h l o r i d e (34«4 g . ) m.p. 7 4 - 7 7 ° . 
(b) The product f rom (a) (16«7 g . ) was suspended i n 2H. 
sodium hydroxide (20 m l . ) and dimethyl sulphate (6 m l . ) . 
The mixture was b o i l e d gen t ly and a moderate r eac t ion set 
i n . A l k a l i n i t y to phenolpthale in was maintained by addi-
t i o n as required of U/lO sodium hydroxide. More dimethyl 
sulphate (6 ml . ) was added a f t e r the disappearance o f the 
f i r s t ins ta lment . On coo l ing , a s o l i d separated, and was 
c r y s t a l l i s e d once f rom absolute a lcohol t o give the p -
toluene sulphonate of N-methyl a n i l i n e (16 '0 g . ) m . p . 9 1 - 9 5 ° . 
( c ) The product f rom (b) (12 g . ) was hydrolysed by heating 
f o r 1 n r . on a steam-bath w i t h a mixture o f g l a c i a l acet ic 
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acid (8 ml . ) and cone.sulphuric ac id (20 m l . ) . Onpouring 
i n t o water, p - f luqro-H-methyl a n i l i n e separated. The 
amine was p u r i f i e d "by c r y s t a l l i s a t i o n to constant m.p. 
(119-121°) of the hydrochloride formed by passing dry 
hydrogen ch lo r ide i n t o a s o l u t i o n o f the amine i n dry ether . 
Add i t ion of sodium hydroxide, fo l lowed by ether e x t r a c t i o n 
gave the p - f luoro-N-methy l a n i l i n e (4*5 g . ) b . p . 196 -198° . 
2 . 3 . 5 . 6 - t e t r a f l u o r o b e n z o n i t r i l e . was prepared and p u r i f i e d 
by Mr. L . Chadwick o f these l a b o r a t o r i e s . 
2 .3 .5 . 6 - t e t ra f luoron i t robenzene . We fo l lowed Brooke e t . 
al^s ^ method f o r the prepara t ion of p ent a f l u o r o n i t r o-
benzene. Pure 2 , 3 , 5 , 6 - t e t r a f l u o r o a n i l i n e (8*5 g . ) i t r i -
f l u o r o a c e t i c anhydride (25 m l . ) and hydrogen peroxide (10 
m l . ) i n methylene ch lor ide (25 m l . ) were heated under r e -
f l u x f o r 18 h r . The reac t ion mixture was neu t r a l i s ed 
(Ua 2C0^), and the methylene ch lo r ide layer was separated, 
dr ied (MgSO^), and d i s t i l l e d , t o give a ye l low o i l , 
2 » 3 , 5 » 6 - t e t r af luoronitrobenzene (7*6 g . ) . 
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PART I I 
CHAPTER I V : A ROUTE TO PARTIALLY FLUORIDATED 
HETEROC Y C L E S . 
9 6 . 
I V . 1 . I n t r o d u c t i o n and D i s c u s s i o n . 
As p a r t of a programme c o n c e r n i n g t h e p r e p a r a t i o n 
and p r o p e r t i e s of p a r t i a l l y f l u o r i n a t e d h e t e r o c y c l i c com-
pounds, J t h e p r e p a r a t i o n o f 4 , 5 , 6 , 7 - t e t r a f l u o r o - i n d o x y l 
and hence the p r o v i s i o n of a r o u t e t o 4 , 5 , 6 , 7 - t e t r a f l u o r o -
i n d o l e , was a t tempted . 
By analogy w i t h the hydrocarbon analogue , i t was 
hoped t h a t e l i m i n a t i o n of water from N ( 2 , 3 , 4 , 5 - t e t r a f l u o r o 
p h e n y l ) - g l y c i n e f o l l o w e d "by c y c l i s a t i o n would g i v e t h e 
4 , 5 , 6 , 7 - t e t r a f l u o r o - i n d o z y l : -
P 
P 
P 
- H 2 0 
MHCH2C00H 
P 
The suggested r o u t e t o t h e s u b s t i t u t e d g l y c i n e was as 
f o l l o w s : - Treatment of 2 , 3 , 4 , 5 - t e t r a f l u o r o - a n i l i n e w i t h 
equimolar sodium h y d r i d e s h o u l d g i v e t h e sodium a n i l i d e : -
P 
P 
H 
P 
P 
NaH 
m 
Treatment of t h i s v / i th c h l o r a c e t i c e s t e r should g i v e t h e 
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g l y c i n e e t h y l e s t e r : -
Na m 
IP. 
1 
MH.CH 2.COOBfc. 
H CH 2ClC00Bfc 
The se two s t a g e s were based on T a m b o r s k i ' s 5 preparat ion 
o f p o l y f l u o r o d i p h e n y l a m i n e s i n w h i c h , f o r example,he 
t r e a t e d p e n t a f l u o r o a n i l i n e w i t h sodium h y d r i d e t o form 
t h e a n i o n , which d i s p l a c e d I?" i n hexa f luorobenzene t o g i v e 
t h e d i p h e n y l a m i n e . 
H y d r o l y s i s of t h e g l y c i n e e t h y l e s t e r shou ld t h e n 
g i v e t h e a c i d : -
MHCH 2C00Et NHCH2C00H 
d i l . 
HC1 
IF 
H 
F 
Only s m a l l q u a n t i t i e s of 2 , 3 , 4 , 5 - t e t r a f l u o r o " \ 
a n i l i n e were a v a i l a b l e and optimum r e a c t i o n c o n d i t i o n s 
were d i s c o v e r e d by u s i n g p e n t a f l u o r o a n i l i n e and 2 , 3 , 5 6 -
t e t r a f l u o r o a n i l i n e . 
* 
Treatment o f p e n t a f l u o r o a n i l i n e i n t e t r a » J i y d r o 
f u r a n w i t h sodium h y d r i d e a t - 2 0 ° c f o l l o w e d by a d d i t i o n 
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o f c h o r . a c e t i c e s t e r and h e a t under a e f l u x gave a w h i t e s o l i d 
which was shown by a n a l y s i s and i n f r a - r e d spectrum t o b e : -
^ / = - \ P CO C H 2 P 
s - { y - N C > ~ { j s 
PV / p C H 2 CO P x / P 
H , H ' -^>is p e n t a f l u o r o p h e n y ^ - 2 , 5 - d i k e t o p i p e r a z i n e . 
The 2 , 3 , 5 , 6 - and 2 , 3 , 4 , 5 - t e t r a f l u o r o - a n a l o g u e s were o b t a i n -
ed under s i m i l a r r e a c t i o n c o n d i t i o n s . 
Presumably t h e g l y c i n e e t h y l e s t e r forms as an 
i n t e r m e d i a t e i n t h i s r e a c t i o n and i n t e r m o l e c u l a r e l i m i n a -
t i o n of two m o l e c u l e s o f e t h a n o l t h e n o c c u r s a s f o l l o w s : -
. CO C H 9 
H Bb 0 OCCH^UC.Pp. / % 
\ 5 f W v /m6*5 
— N C H „ CO C 6 P 5 H . C H 2 C O jOBfc Hi 2 
N.N' d i p h e n y l - 2 , 5 - d i k e t o p i p e r a z i n e i s p r e p a r e d by a s i m i l a r 
e l i m i n a t i o n of e t h a n o l f rom two molecu le s o f g l y c i n e e t h y l 
e s t e r . 
A l k a l i n e h y d r o l y s i s of the d i k e t o p i p e r a z i n e s gave 
t h e r e q u i r e d N - ( p o l y f l u o r o p h e n y l ) - g l y c i n e s , e . g . 
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° 6 * 5 
- TSS 
CO CH, 
H - C 6 » 5 
30?S NaOH 
CH, CO 
3 h r . 
C 6 E 5 NHCH 2 COOH 
The i n f r a - r e d s p e c t r a of t h e s e a m i n o - a c i d s were s u r p r i s i n g 
i n t h a t , u n l i k e other a m i n o - a c i d s , they were shown t o be 
u n - i o n i s e d . A l l show a s i n g l e N - H band i n t h e r e g i o n 
3325-3375 cm" 1 and a c a r b o n y l band at 1724 c m . " 1 I o n i c 
c a r b o x y l i n a m i n o - a c i d s absorbs ^ i n t h e r e g i o n 1600-
I56O cm" 1 and u n i o n i s e d c a r b o n y l , a s i n a m i n o - a c i d h y d r o -
c h l o r i d e s , absorbs i n t h e r e g i o n 1754-1720 c m . " 1 P r e -
sumably e l e c t r o n w i t h d r a w l by t h e r i n g f l u o r i n e atoms 
c a u s e s t h e d e l o c a l i s a t i o n o f t h e n i t r o g e n l o n e p a i r , t h u s 
r e d u c i n g t h e b a s i c i t y of t h e amine and p r e v e n t i n g the forma-
t i o n of a s a l t w i t h t h e a c i d . The author h a s observed a 
s i m i l a r low base s t r e n g t h i n p e n t a f l u o r o a n i l i n e due t o t h e 
same e f f e c t . The s t r u c t u r e of N - ( 2 , 3 , 4 , 5 - t e t r a f l u o r o -
p h e n y l ) - g l y c i n e i s t h e r e f o r e [ l ] r a t h e r t h a n [ 2 ] 
MBCH2C00H K H 2 . C H 2 . C 0 0 * 
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C H 2 - CH-C00 The only o ther p o l y f l u o r o p h e n y l 
"v. TJTI ~ 
SV^ 3 amino a c i d known i s p e n t a f l u o r o -
p h e n y l a n i l i n e . ^ [ 3 ] T h i s m o l e c u l e 
F does e x i s t i n an i o n i s e d f o r m , hut 
[ 3 ] t h e amino group h a s a weakly b a s i c 
c h a r a c t e r , r e f l e c t e d i n t h e r a p i d 
l o s s of HC1 from i t s h y d r o c h l o r i d e , and i t s low base 
s t r e n g t h has been a t t r i b u t e d t o an i n t e r a c t i o n between an 
or tho f l u o r i n e atom and theMH^ + group a c r o s s i n t r a m o l e c u l a r 
s p a c e . 
A l a r g e number o f mono, d i and t r i - h a l o g e n d e r i -
v a t i v e s o f U - p h e n y l g l y c i n e have been p r e p a r e d by F i n g e r ^ ° 
a s p a r t of a programme on the s y n t h e s i s of f l u o r i n a t e d 
h e r b i c i d e s and m e d i c i n a l s . H i s method of p r e p a r a t i o n 
was to condense t h e a p p r o p r i a t e l y s u b s t i t u t e d p r i m a r y 
a n i l i n e w i t h e t h y l c h l o r o a c e t a t e i n t h e p r e s e n c e of sodium 
a c e t a t e . An i n v e s t i g a t i o n i n t o t h e h e r b i c i d a l p r o p e r t i e s 
of our W - ( p o l y f l u o r o p h e n y l ) - g l y c i n e s may be of i n t e r e s t . 
Treatment o f t i ( 2 , 3 , 4 , 5 - t e t r a f l u o r o p h e n y l ) - g l y c i n e 
w i t h p o l y p h o s p h o r i c a c i d , a m i l d e r d e h y d r a t i n g agent t h a n 
phosphorus p e n t o x i d e , gave a compound which showed C = N 
u n s a t u r a t i o n i n i t s i n f r a - r e d spec trum, and was shown, by 
i t s n u c l e a r magnetic r e s o n a n c e spec trum, t o be s y m m e t r i c a l . 
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On t h e b a s i s of t h i s e v i d e n c e , and t h e a n a l y s i s f i g u r e s , 
we t e n t a t i v e l y sugges t t h e f o l l o w i n g d i - i m i n o s t r u c t u r e : 
— N = CH - CH« - CH =» N -
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TV. 2 . E x p e r i m e n t a l . 
( a ) M N ' - ( b i s p e n t a f l u o r o p h e n y l ) - 2 . 5 - d i k e t o p i p e r s z i n e . 
A 150 m l , two-necked f l a s k was f i t t e d w i t h a 
dropping f u n n e l , a magnetic s t i r r e r , and a condenser 
l e a d i n g t o a gas b u r e t t e through a c a l c i u m c h l o r i d e t u b e . 
The dropping f u n n e l was f i t t e d w i t h a * T ' p i e c e so t h a t 
n i t r o g e n c o u l d be p a s s e d through the a p p a r a t u s or p r o v i d e 
an atmosphere of n i t r o g e n i n t h e dropping f u n n e l . P e n t a -
f l u o r o a n i l i n e ( 5 g , 0*0273 M) and t e t r a h y d r o f u r a n 
( T . H . P . , 50 m l , ) were p l a c e d i n t h e f l a s k , t h e a p p a r a t u s 
was f l u s h e d w i t h n i t r o g e n and a l l o w e d t o e q u i l i b r a t e . 
Sodium h y d r i d e 65$ o i l s u s p e n s i o n (0*964 g . , 0*0273 M) 
was p l a c e d i n t h e dropping f u n n e l and washed w i t h T.H.3P. 
(25 m l . ) t o remove t h e o i l by h a n d - s t i r r i n g the s u s p e n -
s i o n w i t h a g l a s s r o d , a l l o w i n g t h e s u s p e n s i o n t o s e t t l e , 
and p i p e t t i n g o f f t h e T . H . I ' . / o i l s o l u t i o n . A s t r e a m o f 
n i t r o g e n was p a s s e d through t h e dropping f u n n e l d u r i n g 
t h i s and t h e next s t a g e , i n order to keep an atmosphere 
of n i t r o g e n above t h e sodium h y d r i d e . More T . H . E . (25 
m l . ) was then added to t h e sodium h y d r i d e , and, s t i r r i n g 
t h e s u s p e n s i o n b e f o r e each a d d i t i o n , t h i s was added s l o w l y 
w i t h s t i r r i n g to t h e f l a s k over 2-3 h r s . The f l a s k was 
kept a t - 3 0 ° C to - 2 0 ° C by an a c e t o n e / d r i k o l d b a t h . The 
r e a c t i o n c o u l d be f o l l o w e d by no t ing t h e r a t e o f e v o l u t i o n 
1 0 3 . 
o f hydrogen on t h e gas b u r e t t e . A f t e r 3 h r s . t h e r e -
a c t i o n m i x t u r e was a l lowed to e q u i l i b r a t e a t room tempera-
t u r e and a g r e y s u s p e n s i o n i n a d a r k green s o l u t i o n o b t a i n e d . 
The amount of hydrogen evo lved d u r i n g t h e r e a c t i o n was 560 
m l . ( c a l c . 610 m l . ) E t h y l c h l o r o a c e t a t e (3*37 g . , 0.0273M) 
i n T . H . F . (25 m l . ) was t h e n added dropwise over \ h r . w i t h 
s t i r r i n g a t room t e m p e r a t u r e and an exothermic r e a c t i o n took 
p l a c e . The r e a c t i o n m i x t u r e was t h e n hea ted under r e f l u x 
f o r 1 h r . , a l l o w e d to c o o l , poured i n t o w a t e r (500 m l , ) , 
and e x t r a c t e d w i t h e t h e r ( 2 x 75 m l . ) . The e t h e r e a l ex -
t r a c t was d r i e d (MgSO^), f i l t e r e d , and evapora ted . The 
s o l i d r e s i d u e was v a c u u m - d i s t i l l e d a t 0*001 mm/140 0 C -
1 6 0 ° C t o g i v e H . N ' - ( b i s - p e n t a f l u o r o p h e n y l ) - 2 . 5 - d i k e t o • * 
p i p e r a z i n e . ( 3 # 3 g . 53*6$) . T h i s was r e c r y s t a H i s e d from 
60-80 pe tro l eum e t h e r / b e n z e n e t o c o n s t a n t m.p. 171-173*5° C 
(Pound: C , 4 3 « 3 ; H , l - O O ; S , 4 3 « 3 . C a l c . f o r C 1 6 E A \ O & ^ 2 : 
C , 43*1; H , 0 -94; P f 4 2 . G F I ) . 
( t-i\ W Iff • _ ( Vl •> a O 3 E C^/s<fii>n'f > l n AWAnViaviwI ^ _ 0 C_/^-t IrCS-HftTS"! Ti &yfi.— \ V J l i . i l — v Ulo t. • > • O-wd/^axlUwAWt'Xloujxj - ^ i J ^ u A t t i g U w ^ J U p o t K " 
a z i n e . 
2 , 3 , 5 , 6 - t e t r a f l u o r o a n i l i n e (5*0 g . , 0 .0303 M ) , 
sodium h y d r i d e (1*11 g . , 0*03 M, 65$ s u s p e n s i o n ) , and e t h y l 
c h l o r o a c e t a t e ( 3 « 7 1 g . , 0 « 3 3 M) were caused to r e a c t , u s i n g 
t h e same a p p a r a t u s and under t h e same r e a c t i o n c o n d i t i o n s 
as i n ( a ) except t h a t t h e f l a s k was kept a t - 1 0 ° C d u r i n g 
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t h e a d d i t i o n of sodium h y d r i d e . The s o l i d r e s i d u e from 
t h e e t h e r e x t r a c t i o n was v a c u u m - d i s t i l l e d at 0*001 mm/ 
1 6 0 - 1 8 0 ° C to g i v e U . N ' - ( b i s - 2 . 3 . 5 . 6 - t e t r a f l u o r o p h e n y l ) -
2 . 5 - d i k e t o p i p e r a z i n e (3*0 g . , 4 8 * 3 $ ) . T h i s was r e c r y s t a l -
l i s e d f rom benzene to c o n s t a n t m.p. 2 1 9 - 2 2 5 ° C . (Found: 
C , 4 6 » 9 ; H , 1*54; F , 36 -8 ; C a l c . f o r C 1 6 H 6 F 8 1 ? 2 0 2 : C t \ i 6 - 8 ; 
H , 1 -46; F , 3 7 - 1 / 0 . 
( c ) N . M ' - ( b i s - 2 . 3 . 4 . 5 - t e t r a f l u o r o p h e n y l ) - 2 . 5 - d i k e t o ~ 
p i p e r a z i n e . 
2 , 3 , 4 , 5 - t e t r a f l u o r o a n i l i n e ( 5 - 0 g . , 0-0303 M ) , 
sodium h y d r i d e (1 g . , 0-03 M, 65$ s u s p e n s i o n ) , and e t h y l 
c h l o r o a c e t a t e ( 3 e 7 1 g . , 0-33M) were caused to r e a c t , u s i n g 
t h e same a p p a r a t u s , and under t h e same r e a c t i o n c o n d i t i o n s 
as i n ( a ) , except t h a t t h e f l a s k was kept - 1 0 ° C t o 0 ° G 
d u r i n g t h e a d d i t i o n of t h e sodium h y d r i d e . The p r o d u c t 
was on ly s l i g h t l y s o l u b l e i n e ther /benzene and was f i l t e r e d 
from the e t h e r / b e n z e n e l a y e r (1*5 g . ) « The e t h e r / b e n z e n e 
l a y e r was d r i e d (MgSO^), f i l t e r e d , and e v a p o r a t e d , "vacuum 
s u b l i m a t i o n of the r e s i d u e a t 0-001 m m / 2 0 0 ^ 2 1 0 ° C gave 
more product (0*3 g . ) . The product was l i f . N ' - ( b i s -
2 . 3 . 4 . 5 - t e t r a f l u o r o p h e n v l ) - 2 , 5 - d i k e t o p j p e r a z i n e ( 1 - 8 g . , 
2 9 » 0 # ) . T h i s was r e c r y s t a l l i s e d from T . H . F . / 6 0 - 8 0 p e t r o -
leum e t h e r t o cons tant m.p. 2 5 9 - 2 6 3 ° C . (Found: G , 4 7 - 1 ; 
H , 1 -75; 3 6 - 8 ; C a l c . f o r G i 6 H 6 : F 8 ] S I 2 0 2 : °» 4 6 * 8 ; H » 1 ' 4 6 ' 
1 0 5 . 
P , 3 7 - l # ) . 
( d ) H y d r o l y s i s of N . N ' - C b i s P ent a f l u o r ophenyl) 2 . 5 - d i k e t o -
p j p e r a z i n e w i t h M sodium h y d r o x i d e . 
H f H 1 - b i s - p e n t a f l u o r o p h e n y l - 2 , 5 ~ d i k e t o p i p e r a z i n e 
( 0 « 2 5 g . ) was added t o H sodium h y d r o x i d e (50 m l . ) and t h e 
m i x t u r e was r e f l u x e d f o r % h r . The r e a c t i o n m i x t u r e was 
t h e n n e u t r a l i s e d ( H C l ) , e t h e r e x t r a c t e d , and t h e e x t r a c t s 
d r i e d (MgSO^), and e v a p o r a t e d . The s o l i d r e s i d u e was 
vacuum-subl imed at 0 » 0 0 1 mm/70-80 0 t o g i v e U - ( P e n t a f l u o r o -
p h e n y l ) - g l y c i n e ( 0 - 2 g . , 7 2 * 1 $ ) . T h i s was r e c r y s t a l l i s e d 
from warm w a t e r ( 8 0 - 9 0 ° maximum tempera ture ) t o c o n s t a n t m.p . 
1 2 0 - 1 2 2 . 5 ° . (Pound: C , 3 9 . 6 ; H , 1 -81; P , 3 9 - 2 . C a l c . f o r 
C 8 H 4 P 5 N 0 2 : C , 3 9 - 2 ; H , L 6 6 ; P , 39-436). 
( e ) H y d r o l y s i s of H . N ' - ( b i s - 2 1 3 . 5 . 6 - t e t r a f l u o r o p h e n v l ) - 2 , 5 -
d i k e t o p i p e r a z i n e w i t h 30# sodium h y d r o x i d e . 
N,N* - 2 , 3 , 5 , 6 - t e t r a f l u o r o p h e n y l - 2 , 5 - d i k e t o p i p e r a z i n e 
(0*3 g . ) was added t o 30$ sodium h y d r o x i d e (25 m l . ) and t h e 
m i x t u r e was r e f l u x e d f o r 3 h r . The s o l u t i o n was worked up 
as i n (d ) and vacuum s u b l i m a t i o n o f t h e s o l i d t h u s o b t a i n e d 
a t 0 .001 mm/60-70 o gave H - ( 2 . 3 . 5 . 6 - t e t r a f l u a r o p h e n y l ) -
g l y c i n e (0*22 g . , 6 7 » 4 # ) . T h i s was r e e r y s t a l l i s e d from 
warm water ( 8 0 ° . Higher t e m p e r a t u r e s c a u s e decomposi t ion) 
to c o n s t a n t m.p. 1 0 5 - 1 0 7 » 5 ° . (Pound: C , 4 3 - 5 ; H , 2 » 2 9 ; 
P , 3 3 ' 6 ; C a l c . f o r C g H ^ H O ^ C , 4 3 ' 1 ; H , 2 -24; P , 3 4 - 1 $ ) . 
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( f ) H y d r o l y s i s of N . H ' - ( b i s - 2 . 3 . 4 . 5 - t e t r a f l u o r o p h e n y l ) -
2 . 5 - d i k e t o p j p e r a z i n e w i t h 2M sodium h y d r o x i d e . 
- ( b i s - 2 , 3 , 4 , 5 - t e t r a f l u o r o p h e n y l ) - 2 , 5 - d i k e t o -
p i p e r a z i n e ( 0 « 8 2 g . ) was added t o 2N sodium h y d r o x i d e 
(50 m l . ) and t h e m i x t u r e was r e f l u x e d f o r % h r . o n l y . 
The s o l u t i o n was worked up a s i n ( d ) and vacuum s u b l i m a -
t i o n of t h e s o l i d t h u s ob ta ined a t 0*001 mm/120 0 gave 
H-( 2 . 3 . 4 . 5 . - t e t r a f l u o r o p h e n y l ) - g l y c i n e ( 0 - 8 g . , 4* $ ) . 
T h i s was r e c r y s t a l l i s e d from b o i l i n g water to c o n s t a n t m . p . 
1 7 5 - 1 7 8 » 5 ° . ( R e d spots b e g i n t o appear a t 1 7 0 ° ) . (Pound: 
C , 4 3 ' 0 ; H , 2-29; 33*8 . C a l c . f o r C g H ^ l T O ^ C , 43*1; 
H , 2 . 2 4 ; 3 4 * 1 # ) . A l l t h r e e W - ( p o l y f l u o r o p h e n y l ) -
g l y c i n e s decompose a t t h e i r m e l t i n g p o i n t s . 
R e a c t i o n of N - ( 2 . 3 . 4 . 5 - t e t r a f l u o r o p h e n y l ) - g l y c i n e w i t h 
P o l y p h o s p h o r i c A c i d . P o l y p h o s p h o r i c a c i d (20 m l . ) was 
h e a t e d A 1 3 0 and W - ( 2 , 3 , 4 , 5 - t e t r a f l u o r o p h e n y l ) - g l y c i n e ( 0 » 6 g . ) 
added i n s m a l l q u a n t i t i e s . A f t e r 20 min . water was added 
t o the brown r e a c t i o n m i x t u r e , t h e r e s u l t i n g m i x t u r e n e u t r a -
l i s e d ( N a 2 C 0 ^ ) , e t h e r e x t r a c t e d , and t h e e x t r a c t s d r i e d 
(MgSO^). E v a p o r a t i o n of t h e e t h e r , f o l l o w e d by s u b l i m a -
t i o n a t 0 » 0 0 3 mm/130 0 o f t h e r e s i d u e o b t a i n e d , gave a 
w h i t e s o l i d ( 0 . 2 g . ) which was r e c r y s t a l l i s e d from 40-60 
p e t r o l e u m e t h e r t o c o n s t a n t m.p. 1 8 7 - 1 8 9 ° . We sugges t 
1 9 7 . 
t h e f o l l o w i n g d i - i m i n o s t r u c t u r e f o r t h i s compound ( 2 , 3 , 4 , 5 
^» 4 1 » 5 3 $ ) « The F y n u c l e a r magnet ic r e s o n a n c e spectrum 
i n d i c a t e d the p r e s e n c e o f f o u r d i f f e r e n t f l u o r i n e e n v i r o n -
ments, t h e r e f o r e t h e molecule i s s y m m e t r i c a l . The i n f r a -
r e d spectrum h a s a band a t 1650 c m " 1 (C = N ) . 
I n f r a - r e d S p e c t r o s c o p y . A l l s p e c t r a were ob ta ined on 
p o t a s s i u m bromide d i s c s of t h e s o l i d . The N , K ' d i s u b s t i -
t u t e d 2 , 5 - d i k e t o p i p e r a z i n e s gave bands a t t h e f o l l o w i n g 
frequencies : -
E a c h of t h e U - s u b s t i t u t e d g l y c i n e s gave a band at 1724 cm 
( C ' - 0 ) , and a l s o a s f o l l o w s : -
C f V A .H) - K - C H - C H 0 - C H = H - ( 2 , 3 , 4 , 5 - C X .H) (Found: C , 4 9 - l ^ J 
H , 1 « 8 # ; F , 4 1 ' 3 # . G a l e , f o r C ^ g F g l ^ : C , 49*18$; H , 1-645& 
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( C 6 F 5 . W C 0 C H 2 ) 2 
( 2 , 3 , 5 , 6 - G 6 F 4 H . N C 0 C H 2 ) 2 
( 2 , 3 , 4 , 5 - C 6 F 4 H . W C 0 C H 2 ) 2 
1694 cm" 1 (C = 0) 
1694 c m " 1 (C = 0) 
1681 e m ' 1 (C - 0 ) 
C 6 F 5 . M H . C H 2 . C 0 0 H 
2 , 3 , 5 , 6 - C 6 F 4 H . i m . G H 2 . C 0 0 K 
2 , 3 , 4 , 5 - C 6 F 4 H . M H . C H 2 . C 0 0 H 
3400 om" 1 (N - H) 
3413 cm" 1 (N - H) 
3367 c m " 1 (H - H) 
h=\ c o - C M , V=s\ 
C H t - C O 
* 
I f 
Q Q • * 'J N C M , - CO • 
I 
! 
7 
5 C O - C t f j n / C H i - CO H r H 
1 
i) 
I 
J 
r 10 
H.CHi.COOH 
if I * 
5» 
F H 
H.CH1.COOH 
-
7 Jo • (> 5 o i s /1 
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